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EXECUTIVE SUMMARY

GERDA - Green ERasmus Data Assistant

PROJECT OVERVIEW

The healthcare industry is responsible for 6-7%
of the Netherlands' national carbon footprint,
with Intensive Care Units (ICUs) having three
times the environmental impact of general
hospital care. At Erasmus Medical Center (EMC),
each ICU patient generates 17kg of waste daily,
translating to 12kg CO2-equivalent emissions.
This project addresses the challenge of reducing
the ICU's environmental footprint through a
data-driven approach to meet EMC's sustaina-
bility targets of 55% CO2 reduction and a 100%
circular ICU by 2030.

PROBLEM

The Erasmus MC ICU needs to reduce its en-
vironmental footprint but lacks the data insights
to effectively measure, monitor, and improve

its impact. Current sustainability data is frag-
mented across departments, making it difficult
for the ICU Green Team to execute their esta-
blished workflow of identifying hotspots, setting
goals, and implementing interventions.

RESEARCH FINDINGS
Our research identified two distinct user groups
with different needs:
1. Green Team IC-V: Requires detailed analy-
tics for intervention management
2. General ICU Staff: Needs simple, actiona-
ble insights that don't compete with pa-
tient care priorities

Key barriers to sustainable practice included:

* Limited awareness of small-scale impact

* Perceived conflict between sustainability and
patient care

* Protocol-driven workflows that prioritize
clinical care

* People-focused culture resistant to data-dri-
ven approaches
Lack of incentives for sustainable behaviour

Data discovery revealed that medical products
data offered the most complete dataset for
initial implementation, combining procurement
records with environmental impact factors.

SOLUTION: GERDA

GERDA (Green ERasmus Data Assistant) is a da-
ta-driven sustainability dashboard designed to
help the ICU Green Team identify environmental
hotspots, set reduction targets, and monitor
progress. The solution consists of two comple-
mentary dashboard views:

Analysis View

Enables environmental hotspot identification
through product category visualization, interac-
tive filtering, usage trends, and environmental
impact metrics.

Goal Setting View

Supports intervention planning and progress
tracking with target configuration, progress visu-
alization, and flexible time range monitoring

GERDA connects to the hospital's Health Data
Platform through SAS Viya, automating data
collection that previously required manual effort
and allowing the Green Team to focus on analy-
sis and action.

IMPLEMENTATION & IMPACT

User testing confirmed GERDA successfully

meets core requirements for environmental

hotspot identification, goal setting, and data fil-

tering. Testing with ICU staff demonstrated that

product-specific metrics (like gloves per patient

day) are significantly more effective for commu-

nication than abstract environmental measures.

The implementation roadmap provides a struc-

tured path forward:

* Short-term: Complete environmental datas-
et, establish live data connection

*  Medium-term: Expand to additional emission
sources and departments

* Long-term: Integrate with hospital-wide sus-
tainability management

RECOMMENDATIONS

1. Standardize environmental data collection
across departments to enable consistent
measurement

2. Develop integrated metrics that combine
clinical outcomes with environmental impact

3. Tailor communication strategies to clinical
contexts, using concrete work-related me-
trics rather than abstract environmental
measures

4. Establish centralized governance for sustai-
nability data standards to enable meaningful
benchmarking

By bridging the gap between environmental data
and clinical practice, GERDA demonstrates how
data-driven approaches can effectively support
sustainability progress in healthcare settings
while respecting clinical priorities.



1. Introduction

This chapter aims to introduce the project by first presenting an overview of
sustainability challenges in healthcare, with specific focus on the Intensive
Care Unit at Erasmus MC. Second, it identifies the key stakeholders involved
and their distinct roles in sustainability efforts. Finally, it presents the central
challenge of fragmented sustainability data and introduces the research ques-
tion that will guide the development of a data-driven solution to reduce en-
vironmental impact in the ICU.

Context
Initial Assignment
Key takeaways
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1.1. CONTEXT

In this section the context of the research is
established by providing background on sustai-
nability in healthcare and its relevance. It also
identifies the key stakeholders in this project
and their interests. This context is important for
understanding the initial assignment and rese-
arch question.

1.1.1. SUSTAINABILITY IN HEALTH-
CARE

The healthcare industry worldwide is incre-
asingly recognizing the importance of sustaina-
bility and the need to reduce their environmen-
tal impact.

To understand the scale, it is important to note
that globally, the healthcare industry is responsi-
ble for a significant portion of global greenhouse
gas emissions, estimated at 4.4% (Karliner et al,,
2020). This has led to a growing number of stu-
dies exploring methods and actions to reduce
healthcare's environmental footprint, including
material use, energy consumption and waste
(McGain & Naylor, 2014). These efforts are dri-
ven by the recognition that reducing the en-
vironmental impact of healthcare can positively
impact both planetary and public health (Lenzen
et al., 2020).

The Dutch healthcare industry is responsible for
6% - 7% of the national footprint of the Nether-
lands (Gupta Strategists, 2019; Health Care
Without Harm & ARUP, 2019). The sector also
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accounts for 13% of national material extraction
and 4.2% of national waste generation. Annu-
ally, this translates in the extraction of 33,801
kilotons of materials, 17 575 kilotons of CO2 eq.
(Carbon Dioxide equivalent) emissions and 4803
kilotons of waste (Steenmeijer et al,, 2022). With
the increasing demand and pressure healthcare
in the Netherlands (Stand Van De Zorg 2024 -
Nederlandse Zorgautoriteit, 2024) due to the
ageing population these numbers are likely to
grow.

Within the healthcare sector, Intensive Care
Units (ICU's) are particularly resource-intensive
(Huffling & Schenk, 2014). Globally, studies have
shown that ICU's emit approximately three times
more CO2 per hospitalization day and generate
30% more waste compared to general acute
hospital care (Prasad et al., 2021). These figu-
res highlight the urgent need for a shift from a
linear system to a circular system in healthcare,
starting with the resource intensive ICU.

1.1.2. STAKEHOLDERS

The project takes place in the Erasmus MC, with
a lot of sub-groups that have their own experti-
se and needs, for a full overview, see Figure 1.

ERASMUS MC

Erasmus Medical Centre (EMC) is an academic
medical centre in Rotterdam, the biggest hos-
pital in the Netherlands with 1350 beds, it is
focussed on research, education, and specialist
care. Among other objectives, the EMC is com-
mitted to developing sustainable healthcare
practices and advancing data-driven healthcare
delivery.

Erasmus MC has committed to the National
Green Deal for Sustainable Care (“GREEN DEAL:
Samen Werken Aan Duurzame Zorg,” 2022) and
furthermore set up their own sustainable strate-
gy (Een duurzaam Erasmus MC et al., 2022). Key
objectives include:

1. Identifying & Monitoring:

Mapping out emissions and material usage
to target environmental hotspots areas and
evaluate progress over time.

2. Reduce CO2 Emissions:

A 55% reduction by 2030 (compared to 2018
levels) and net-zero emissions by 2050.

3. Material Circularity:

Achieving a 50% reduction in raw material
consumption and transitioning to a 100%
circular ICU by 2030.

4. Collaboration and Communication:
Partnering with manufacturers and creating
awareness among employees and patients
about sustainability efforts.

These organisation-wide sustainability goals are
particularly relevant for departments with high
resource intensity, making the ICU an interesting
focus area.

INTENSIVE CARE UNIT

As one of the most resource- intensive depart-
ments of the hospital, the ICU manages 56 beds
and over 3,000 patients annually. A team of
intensivists, nurses and support staff provides
critical care 24/7.



To understand the environmental impact at
this ICU, a material flow analysis was conducted
in 2019 revealing a significant environmental
footprint: Each ICU patient generated 17 kg of
waste. This translates into 12 kg CO2 eq (emis-
sions, 300 L water and required 4 m2 of agricul-
tural land occupation per day (N. Hunfeld et al.,
2022).

In response to these findings, the ICU has initi-
ated interventions to reduce the environmental
footprint These efforts are coordinated by the
Green Team IC-V.

GREEN TEAM IC-V

The Green Team IC-V is a group of staff mem-
bers of the IC for adults that are taking respon-
sibility for the sustainability. They implement
initiatives such as waste segregation protocols
and reduction of single-use products. Focussed
on the identified hotspots (big emission sour-
ces), first steps have been made toward circular
healthcare practices (N. Hunfeld et al., 2023).

DE GREEN ICU

The Green ICU is a research group specialized
in sustainable healthcare practices, focusing

on reducing the ICU’s ecological footprint and
generating knowledge on that. They work closely
with the Green Team IC-V to translate research
into practical implementations.

THE DATAHUB

The DataHub is a research group in the EMC
with the aim to make date-driven healthcare
scalable and clinically applicable in the hospital,
with a big focus on the ICU. To this end they

are developing Artificial Intelligence models and
Dashboards to assist ICU staff in their work. The

to scale sustainable care practices nationally
through standardized data collection and the
Erasmus MC development of an ontology. Their goal is to
= contribute to the development of knowledge
about sustainable care nationally (Ministerie
van Volksgezondheid, Welzijn en Sport, 2024).
Intensive Care Unit The ZIN is involved‘in this project is facilitated
through my supervisor at the Erasmus MC who
is employed by the ZIN.
ICU Staff Green Team IC-V This research can serve as a proof of con-
cept for ZIN's national initiative on sustainable
healthcare data standards.

Green ICU

fupeit [

Figure 1: Stakeholder overview

DataHub has knowledge on and experience with
data sourcing, data processing, Al development,
dashboarding, and operating data-driven pro-
ducts.

ZORG INSTITUUT NEDERLAND

Zorg Instituut Nederland (ZIN) started the initi-
ative 'Sustainable Data-Driven ICU Care’ aiming

| 1. Infroduction



1.2. INITIAL
ASSIGNMENT

This master’s thesis project was initiated by sta-
keholders at the Erasmus MC from the DataHub
and Green ICU to address key challenges in

the ICU’s sustainability efforts. There are plenty
of initiatives by the green team and ambitious
sustainability targets have been set by the EMC.
However, despite this, there are some barriers
to reducing environmental impact. This section
outlines the main issues identified by the initia-
ting stakeholders, which form the initial basis for
this project.

1.2.1. CURRENT
CHALLENGES

The ICU at Erasmus MC faces a big challenge in
its efforts to reduce environmental impact: the
lack of a unified data infrastructure to track and
visualize environmental impact. Without stan-
dardized accessible data on CO2 emissions and
material waste, it is a big challenge to effectively
monitor progress towards sustainability targets
or for ICU staff to understand how their daily
actions contribute to environmental outcomes.
This data fragmentation hinders both the evalu-
ation of current sustainability interventions, and
the ability to motivate interventions to the ICU
staff.

This challenge, as identified in conversations
with stakeholders at Erasmus MC, underscores
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the need for a data-driven, integrated solution.
By centralizing and visualizing sustainability
data, this could both enable progress moni-
toring and empower ICU staff to make better
informed, environmentally aware decisions. This
leads to the following research question:

“How can a data-driven decision support tool be designed to
enable ICU staff to reduce environmental impact in the Eras-
mus MC?”

1.2.3. SCOPE

This project consists of two main components:
first, a research phase to understand the pro-
blem space and identify influencing factors in
reducing environmental impact in the ICU and
second, the design of a data-driven solution that
addresses the identified needs. A data-driven
approach was chosen because it enables objec-
tive measurement of environmental impact, sup-
ports systematic identification of environmental
hotspots, and can leverage Erasmus MC's exis-
ting technical infrastructure. Both research and
design components will be documented in this
master thesis report.

The project is limited to environmental sustaina-
bility at the adult ICU at Erasmus MC and does
not cover other departments, organisations or
hospitals, though the method and findings might
also be applicable to other situations.

1.2.3. SIGNIFICANCE

This research & design can be justified becau-
se it has implications for both the Erasmus MC
and the broader field of sustainable healthcare.
By organising the data and developing a da-
ta-driven tool the project directly contributes to
Erasmus MC's sustainability objective of ‘lden-
tifying and monitoring’ to target environmental
hotspots areas and evaluate progress. Further-
more, this project can support ‘Communication’
about environmental efforts, another one of
EMC's sustainability objectives, and thereby mo-
tivating staff to work along.

The insights and outcomes from this project
could also inform sustainability efforts in other
healthcare contexts and can provide a case stu-
dy for national standardized sustainability data.



1.3. KEY TAKEAWAYS

* Healthcare has a significant environmental
footprint (4.4% of global emissions), with
ICUs being three times more resource-inten-
sive than general hospital care. At Erasmus
MC's ICU, this means 17kg waste and 12kg
CO2-eq. emissions per patient daily.

* Erasmus MC has set ambitious 2030 targets
(55% CO2 reduction & a 100% circular ICU)
and in the ICU these 3 groups collaborate to
achieve them:

a. Green Team IC-V: Implements practical
sustainability changes

b. DataHub: Provides data expertise

c. Green ICU: Contributes research

*  The Erasmus MC ICU faces challenges in
reducing environmental impact, including
unclear impact of current sustainability inter-
ventions and decentralized, and inconsistent
data on emissions and waste.

* This leads to the research question: "How
can a data-driven decision support tool be
designed to enable ICU staff to reduce en-
vironmental impact in the Erasmus MC?"

Ficure 2: Waste after 24 hour care at the ICU



2. Literature Review

This chapter reviews existing knowledge in three domains essential for desig-
ning a sustainability tool for the ICU environment. By examining data-driven
decision support in healthcare, sustainability monitoring approaches, and
behavioral change theories, we identify key insights and knowledge gaps that
inform our research questions. The review focuses on balancing information
needs, automating data collection, and understanding context-specific factors
that influence sustainable behavior in critical care settings.

2.1.
2.2.
2.3.
2.4.
2.5.
2.6.

Review framework

Data-Driven Decision Support in Healthcare
Sustainability Monitoring

Motivating Sustainable Behaviour
Discussion & Gaps

Key Takeaways



2.1. REVIEW FRAMEWORK

The research question leading this project is:
How can a data-driven decision sup-
port tool be designed to enable ICU

staff to reduce environmental impact

in the Erasmus MC?”

Understanding how to design a data-driven sus-
tainability tool for ICU environments requires
knowledge from multiple domains. This chapter
examines three domains that form the theoreti-
cal foundation for the rest of this research:

1.Data-Driven Decision Support in Healthcare
As the designed tool needs to integrate with exi-
sting ICU systems and workflows, current prac-
tices and lessons learned from healthcare tools
are explored.

2. Sustainability Monitoring in Healthcare
To effectively reduce environmental impact, it is
important to understand existing sustainability
monitoring approaches, particulary in healthca-
re settings.

3. Motivating Sustainable Behaviour
Successfully enabling ICU staff to reduce their
environmental impact requires understanding
on how to effectively motivate sustainable beha-
viour in clinical environments.

For each domain, the chapter systematically
reviews current practices, analyses barriers

and facilitators, and aims to identify gaps in
research. These three domains are inherently
interconnected in the context of this research—
creating an effective sustainability tool for the
ICU requires understanding how to present data

meaningfully (data-driven decision support),
what environmental factors to measure (sus-
tainability monitoring), and how to encourage
adoption among staff (behaviour change). The
chapter concludes by highlighting the gaps that
translate to the sub-questions guiding the rest
of this study.

Sustainability
Monitoring

Motivating Sustainable
Behaviour

Figure 3: Literature review framework

| 2. Literature Review 13



2.2. DATA-DRIVEN DECISION
SUPPORT IN HEALTHCARE

To design new data-driven tools for the ICU
setting, it is important to understand both the
current landscape and the lessons learned from
existing implementations. This section examines
the academic knowledge on data-driven tools

in ICUs, exploring the barriers that hinder and
the facilitators that enable their effectiveness in
healthcare environments.

Current practice

The ICU environment is inherently data-driven,
with staff continuously monitoring and interpre-
ting patient data through Key Performance Indi-
cators (KPIs) (Citerio et al., 2015). However, the
increasing volume of available data has begun
to exceed human cognitive processing capacity
(Stead et al., 2010), highlighting the critical need
for effective data presentation tools in healthca-
re settings.

Barriers

Several key barriers affect the effectiveness of
data-driven tools in healthcare environments.
The primary challenge is cognitive overload,
where the volume of data surpasses staff's cog-
nitive capacity (Stead et al., 2010). This is espe-
cially relevant in the ICU context, where physici-
ans can face up to 32,120 data points per shift
(Asgari et al.,, 2024).

Furthermore, studies show 50% of tools fail to
involve end users in development, leading to
poor adoption (Helminski et al., 2024). Technical
integration with existing systems presents ano-
ther barrier (Culler et al., 2010), this can be the
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result of tools lacking systematic implementati-
on strategies and frameworks (only 20.3% use
any framework) (Helminski et al., 2024). Finally,
data quality issues can undermine tool effec-
tiveness and user trust (Carra et al., 2020; Van
De Sande et al., 2021) and these early technical
problems during implementation can create
lasting mistrust that stay even after issues are
resolved.

Facilitators

Research has identified several factors that
enable successful implementation of data-driven
tools. The most effective implementation stra-
tegies found by Helminski et al. (2024) combine
educational sessions, audit & feedback and
stakeholder engagement. Effective data visua-
lization can significantly improve interpretation
efficiency and decision-making speed, reducing
the cognitive burden and even improving the
decision quality, compared to tabular informa-
tion (Park et al.,2021; Lai et al., 2022; Wac et al,,
2023).

Large screen visualizations enhance communi-
cation accuracy during multidisciplinary rounds
(Lai et al., 2022; Bersani et al., 2020). User invol-
vement in the design process and continuous
improvement based on feedback are crucial for
successful implementation (Bersani et al., 2020;
Wac et al., 2023; Goldstein et al., 2020). Creating
personas based on professional roles could be
a method that helps address user needs and
improve tool adaptation (Jalilian & Khairat, 2022;
Goldstein et al., 2020).

Conclusion
These insights show that any new data-driven
tool must prioritize user-centred design and

consideration of cognitive load. This means
balancing the amount of information while
maintaining decision quality. While informati-
on overload is a significant challenge, research
shows that successful implementations depend
on user involvement, education and effective
data visualisation.

Between the found literature, a gap emerged
on how to effectively integrate new data tools
into existing ICU workflows. Specifically when
applied to sustainability monitoring in this set-
ting, this leads us to the next section; exploring
current approaches to environmental impact
monitoring in healthcare.



2.3. SUSTAINABILITY MONITO-
RING IN HEALTHCARE

As healthcare organizations move from recogni-
zing their environmental impact to taking more
concrete action, monitoring becomes important
to validate and improve these initiatives. This
section is about existing tools in healthcare and
the barriers and facilitators in implementing
sustainable monitoring in healthcare to inform
the design of an effective tool for the EMC ICU.

Current practice

Healthcare organizations employ various tools
to monitor environmental impact.

Promeza, for example, is a data management
tool where users manually input data about
medical materials used (type, quantity, dispo-
sal method) to gain insights into environmental
impact. However, this manual data entry makes
the process time-consuming.

The '‘Barometer Groene OK' takes a different
approach, using questionnaires to assess opera-
ting room sustainability practices and providing
hospitals with tailored advisory reports. The tool
has identified key actions that could reduce OR
emissions by up to 75%.

Barriers

The implementation of sustainability monitoring
tools faces several significant challenges. The
lack of comprehensive regulatory mandates
makes it difficult to standardize sustainability
reporting across healthcare institutions (Collins
& Demorest, 2022). Existing tools often requi-
re manual data collection and entry, creating a
significant time burden for staff (Chiara, 2024).

Additionally, data privacy concerns and integra-
tion issues with hospital systems complicate
implementation. The lack of standardization in
sustainability metrics and reporting methods
makes it challenging to compare and bench-
mark performance across institutions (Collins &
Demerest, 2022).

Facilitators

Several factors enable effective sustainability
monitoring in healthcare. Standardized repor-
ting frameworks, when available, facilitate con-

sistent measurement and comparison (Collins &

Demerest, 2022).

The identification of environmental hotspots,
as demonstrated in the Erasmus MC- based
study, provides focused areas for intervention
(N. Hunfeld et al., 2022). Regular evaluation and
monitoring of these hotspots enables effective
goal-setting and progress tracking (Saviano et
al., 2018; Bhonagiri et al., 2023).

standardized metrics. The design of a moni-
toring tool should prioritize automated data
collection and focus on making environmental
data actionable by identifying hotspots and
tracking progress. However, knowledge on how
automated sustainability data could be collected
is very limited. This is essential for developing
tools that operate without adding administrative
burden. A good reason to look into this further.

The 10 R strategies framework provides a struc-
tured approach to implementing and monitoring
sustainable interventions (Reike et al., 2017). Re-
search emphasizes that effective sustainability
data visualization should balance analytics with
engagement and communication, to make com-
plex environmental more accessible to diverse
users. Involving healthcare staff in tool develop-
ment can improve this balance (Mahyar, 2024).

Conclusion

The current landscape of sustainability monito-
ring in healthcare is young, with many oppor-
tunities for improvement. Current monitoring
tools demonstrate the potential for monitoring
environmental impact but are limited by their
reliance on manual data collection and lack of

| 2. Literature Review
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2.4. MOTIVATING SUSTAINA-
BLE BEHAVIOUR

Once the right data is available, the success of
sustainability initiatives in the ICU depend for a
big part on the motivation of staff and their be-
haviour. While tools can enable taking action in
the most effective hotspot, the effectiveness of
these actions relies on adaptation by ICU staff.
This section examines how behavioural theories
can inform sustainability interventions in health-
care and explore the barriers and facilitators
that (de-) motivate sustainable behaviour in
healthcare and ICU staff.

Current practice

Healthcare staff engagement in sustainable
practices requires understanding of both indi-
vidual and organizational factors. Behavioural
change theories provide frameworks for analy-
sing these factors. There are old and wide used
examples to analyse behaviour such as the The-
ory of Planned Behaviour (Ajzen, 1985), which
considers attitudes, perceived control, and
social norms. More recently the COM-B mode|
(2011) is developed to focuses on capability, op-
portunity, and motivation to understand behavi-
our, but also suggest most effective influencing
strategies, based on the identified behavioural
factors.

Barriers

Research has identified several barriers to
sustainable behaviour in healthcare settings.
Nurses often face high workload and competing
priorities, which can make adopting new sus-
tainable practices challenging (Kalogirou et al.,
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2021). The complexity and time required for tas-
ks like waste segregation can discourage adop-
tion, as found in the Operating Room (Wyssusek
et al,, 2018). A perceived conflict between pa-
tient safety and environmental goals creates ad-
ditional resistance in critical care departments,
as infection prevention practices often rely

on disposable products (McGain et al., 2020).
Research at Erasmus MC showed that simple
interventions like using nudges to discourage
unnecessary apron use did not result in behavi-
oural change (Van Der Zee et al.,, 2024), though
they are reported to work in other contexts.
Teaching us to not copy paste proven concepts
from other environments without testing them.

Facilitators

Studies have identified several factors that sup-
port sustainable behaviour adoption. Healthcare
staff show willingness to learn and adapt when
provided with appropriate tools and resources
(Surme et al., 2024). Research suggests that
creating habits and fostering self-regulation sup-
ports long-term adherence to sustainable prac-
tices (Kwasnicka et al., 2016). Education among
healthcare staff can help raise awareness and
support implementation of sustainable inter-
ventions (Bennett, 2023; Slutzman et al., 2022;
Cohen et al., 2023). Studies indicate that basic
education and training can reduce waste volume
(Mosquera et al., 2014).

Conclusion

Behaviour change in healthcare requires ad-
dressing both individual and systemic factors.
Behavioural models can provide a good structu-
re to guide the design of sustainable interven-
tions. Education and habit formation are men-

tioned as the most influential factors, but must
beware of adding more workload. A key insight
is that introducing behaviour change interven-
tions, even when proven elsewhere, might not
have the same effect in the ICU and must there-
fore always be tested in context.

One gap in literature is the understanding how
data visualization and metrics can support
sustainable behaviour in healthcare settings.
There remains limited evidence on which spe-
cific metrics and visual formats best communi-
cate environmental impact to healthcare staff
in high-stakes environments like the ICU, and
motivate to action.



2.5 DISCUSSION & GAPS

The literature review reveals several important
considerations for designing data-driven sus-
tainability tools in ICU environments. Cognitive
load emerges as a big concern, any new tool
must carefully balance information density with
decision support quality through effective pre-
senting of the data. Furthermore, automated
data collection and standardized metrics are
crucial for successful sustainability monitoring
as the implementation must not increase staff
workload. Additionally, behavioural interventions
require thorough testing in the specific ICU con-
text, as solutions proven somewhere else might
not be applicable to this unique environment.
These findings highlight that successful imple-
mentation depend on user involvement throug-
hout the design process and support through
education and formation of habits.

In this review, three primary research gaps were
found that inform the next steps in this study.
Firstly the Integration with existing ICU work-
flows, there is limited evidence exists on how to
effectively integrate new data tools into existing
ICU workflows, particularly tools focused on
environmental impact rather than patient care.
Next, while organizations increasingly recogni-
ze the need to monitor environmental impact,
research on how to efficiently collect and pro-
cess this data in healthcare settings remains
limited. And lastly there is limited understanding
of which specific metrics and visual formats best
communicate environmental impact to people in
general, as well as in ICU settings.

These gaps translate into the following
sub-questions:

SQ1: "What are the current sustainability prac
tices and workflow patterns in the Erasmus M(
ICU?"

SQ2: "What user needs and preferences must
be considered when designing sustainability
metrics and visualizations for ICU staff?"

SQ3: "What data sources and infrastructure a
available for (automated) sustainability monitg
ring in the Erasmus MC ICU?"

Addressing these sub-questions will guide the
methodology and following research phases.

2.5 KEY TAKEAWAYS

Data-driven tools in the ICU environment
must balance information density with de-
cision support quality to reduce cognitive
burden, while automated data collection is
essential to avoid increasing workload.
Sustainability monitoring in healthcare
currently relies heavily on manual data
collection and lacks standardized metrics,
highlighting the need for automated approa-
ches that identify actionable environmental
hotspots.
|ICU-specific context is crucial for behaviour
change. Solutions proven in other healthca-
re settings may not translate directly to the
ICU environment, emphasizing the need for
user involvement throughout the design and
implementation process.
Three key research gaps were identified that
inform this study's approach:

Integration of sustainability tools with

existing ICU workflows

Methods for automated sustainability

data collection in healthcare

Effective metrics and visualizations for

motivating sustainable behaviour

These gaps translate to three sub-questions
which will methodologically be answered, as
can be read in the next chapter.



3. Methodology

This chapter outlines the research approach used to address the gaps identi-
fied in the Literature Review. To effectively design a data-driven sustainability
tool for the Erasmus MC ICU, a methodological framework was needed that
could investigate both user needs and technical data possibilities in parallel.
Three sub-questions presented in Section 2.4, guide this research, each re-
quiring specific methods that complement each other. Before moving to the
individual methods, the first section presents the overarching research design
that connects these approaches into a coherent framework.

3.1. Research Design
3.2. Problem Discovery Methods
3.3. Data Discovery Methods

3.4, Validation
3.5. Key Takeaways



3.1. RESEARCH DESIGN

In this study, a structural approach is used, that
combines both the ICU context and the data-dri-
ven nature of the project. The following sections
will address the chosen research framework and
explain how it guides both the investigation of

user needs & context and technical possibilities.

3.1.1. TRIPLE DIAMOND MODEL
This research will follow the Triple Diamond
model, an overarching framework that struc-
tures the research and design process when
working with data. The model is an extension
of the well-known Double Diamond Model with
the Problem Discovery and Solution Exploration,
but introduces a third, the Data Discovery phase
(Schleith & Tsar, 2022) as seen in Figure 3.

Problem
discovery

Theoretical
Background

Data
Discovery

Figure 4: Triple diamond framework

All three diamonds stand for a different phase
and purpose:

Problem Discovery

Explores user needs, challenges and current

practices through user research and interaction.

Data Discovery
Examines available data sources, infrastructure,
and technical possibilities.

The discovery phases interact with each other.
Findings from the Data Discovery inform the
Problem Discovery by providing stakeholders
with examples of data visualizations to under-
stand how they interpret and interact with the
sustainability metrics. Vice versa, the Problem
Discovery findings give context to the Data Dis-
covery for interpreting data, by identifying which
datasets are considered useful or reliable by
staff.

Solution

: Solution
Exploration

This ensures that the resulting Design Brief is
both technical feasible and meaningful to users;
leading towards the last diamond:

Solution Exploration

Develops and iterates on potential solutions
based on the design brief and its requirements.
As a final step the chosen Solution is explained
and implemented.

The Triple Diamond model was chosen for this

project for the following reasons:

® It was specifically developed for data-driven
contexts, making it ideal for designing a sus-
tainability tool that relies on environmental
metrics

® |t provides a structured approach to parallel
exploration of both user context and data
infrastructure, which fits the complexity of
implementing sustainability initiatives in the
ICU environment

® Itis a divergent-convergent process that
balances thorough exploration with focused
decision-making, helping identify meaningful
sustainability metrics without contributing to
information overload

® Itreduces the risk of developing technically
sound tools that fail to address actual user
needs - a common pitfall in healthcare im-
plementation
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3.1.2. CONNECTION SUB-QUESTI-
ONS AND RESEARCH METHODS

The research phases were designed to directly
address the three sub-questions that emerged
from the literature review.

The Problem Discovery addresses:

SQ1: What are the current sustainability practices
and workflow patterns in the Erasmus MC ICU?

and

5Q2: What user needs and preferences must be
considered when designing sustainability metrics
and visualizations for ICU staff?

Observations and interviews were chosen me-
thodologies here because they complement
each other. Observations reveal the actual
practices that may differ from reported behavi-
ours while interviews uncover staff perceptions
and preferences. These methods are detailed in
section 3.2.

The Data Discovery addresses:

5Q3: What data sources and infrastructure are
available for (automated) sustainability monito-
ring in the Erasmus MC ICU?

Environmental impact mapping, data source
assessment and technical infrastructure analy-
sis were the selected methods for this phase to
identify emission sources, analyse the available
datasets and understand how data can be ac-
cessed and integrated in existing systems. These
methods are detailed in section 3.3.
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3.2. PROBLEM DISCOVERY
METHODS

The Problem Discovery chapter investigates
current sustainability practices & user needs in
the Erasmus MC ICU, answering SQ 1 and SQ

2 with two methods: direct observations and
semi-structured interviews. These were selected
to provide both objective insights into actual
context and workflows and subjective insights
from ICU stakeholders.

3.2.1. OBSERVATION METHODO-
LOGY

The observations consisted of two main compo-
nents.

First direct observations were done through ICU
visits. A full-day was spent shadowing ICU staff
to gain empathy and insight into their daily work
& experiences. This included witnessing & hel-
ping with patient care routines, staff interactions
with monitoring systems, and resource usage
patterns. Due to privacy reasons, there were no
recordings, but field notes and pictures.
Secondly, 4 ICU Green Team were attended
meetings. Here, context was gathered for exi-
sting sustainability initiatives and challenges.
This provided insights into current priority areas
and implementation approaches. A Green Team
workflow documentation was made based on
observed decision-making and intervention
planning processes.

The field notes were categorized in three do-
mains: sustainability practices, data usage pat-
terns and Green Team workflow.

3.2.2. INTERVIEW METHODOLOGY

STUDY DESIGN
This part of the Problem Discovery made use of
semi-structured interviews with two parts:

1. Questions regarding sustainability, and
sustainable interventions at the ICU
2. Interaction with sustainability data

PARTICIPANT SELECTION

Participants for this study were selected using a

combination of purposive sampling and conside-

rations of reachability & availability of personnel.

In collaboration with one of the staff managers,

suitable participants were identified for a di-

verse representation of perspectives within the

ICU.

* ICU Nurses: two nurses with varying inte-
rests. One nurse is part of the Green Team,
while the other has experience in implemen-
ting a new education module.

* PhD Candidate: One PhD candidate, speciali-
zing in ICU pharmacology.

* ICU manager: One Intensivist who also ma-
nages the ICU and oversees both ICU and
OR operations.

The sample size of 4 participants is small, but

it was deemed sufficient for this exploratory
research for the following reasons. First, the
participants have diverse roles within the ICU
ecosystem and second, the findings were trian-
gulated with observational data to strengthen
validity. The insights are intended to inform de-
sign direction rather than produce generalizable
statistical conclusions.



DATA COLLECTION

The interviews lasted between 30 and 60 minu-
tes, depending on participant’s availability and
data saturation. The interview guide (Appendix
A) was designed to progressively explore key
areas while maintaining flexibility for follow-up
questions or participant input. The interview
guide covered three main areas:

1. Context and daily operations, starting with
easy questions providing understanding of
daily routines.

2. Sustainability and change, participants
were asked about their views on sustaina-
bility in the ICU, the associated changes
and the expectations for ICU staff. They
were also shown a picture with some of
the biggest emission sources and asked
which they thought was the biggest, and
which they themselves could impact. The
aim was to identify perceived barriers and
facilitators to implementing sustainable
change.

3. Data interaction: Participants were shown
four types of plots (see Appendix A):

a. The top 10 product categories by total
weight

b. Monthly data for the Operation Jacket

c. The Number of laboratory tests done per
day for 1 patient

d. The transport choice of patients (see
Figure 5)

These plots were generated fast from real ICU
hospital data, and not polished prompt raw and
real input; a commonly used design method to
get quick first prototype feedback (Greenberg et
al., 2012).

Vervoerkeuze medewerkers %
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Figure 5: Interaction plot, transport choice employees

They were chosen for the different aspects fo
sustainability data: categorical data, patterns,
patient level metrics and staff metrics. This
allowed assessment of the intuitiveness and
meaningfulness of the diverse data formats to
ICU staff.

For each plot, participants were asked to des-
cribe what they saw in the data, explain their
interpretation and share their thoughts on the
usefulness.

This allowed observation of how participants na-
turally interact with and interpret different types
of data visualizations.

DATA ANALYSIS

Thematic analysis was employed to analyse the
interview data, following the 7 steps as descri-
bed by Clarke and Braun (2013). The process
was done inductively, bottom up, to ensure high
quality of data and minimum interference of
existing theories or tunnel vision. The process
included transcription with Word Transcriber,
data familiarization, inductive coding using Atlas.
ti software (resulting in 400 initial codes, see
Appendix B), theme development, and validati-
on. To ensure objectivity, external reviews were
done by several people in different phases.

THEORETICAL FRAMEWORK

The first effort of developing themes was done

bottom up, without an existing framework.

However, this produced very broad themes (like

'sustainability in healthcare’ or ‘work challenge’)

that lost the information conveyed in the inter-

views. It failed to capture the interaction of per-

sonal feelings, specific sustainability views and

motivational aspects that the participants did

describe. Therefore | decided to use a theoreti-

cal framework, the COM-B model of behaviour

change by Michie et al.,, (2011). The model iden-

tifies three essential components that together

influence behaviour, as also seen in Figure 6:

* Capability (both psychological and physical
ability to perform the behaviour),

*  Opportunity (physical and social environ-
ment that enables the behaviour), and

* Motivation (automatic and reflective mecha-
nisms that activate behaviour).

The COM-B model was selected over other
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Behaviour

Figure 6: COM-B model and interactions

behavioural frameworks based on its successful
application in similar healthcare contexts, such
as the English Department of Health's tobacco
control strategy and sustainable interventions
among anaesthesiologists (Zaw et al., 2023). This
last paper is used as example for the approach
in this project. For the full list of themes and
quotes, see Appendix C.

QUALITY MEASURES
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Some triangulation measures were implemen-

ted to ensure the quality of the research:

*  Multiple reviewer involvement

* Independent review of transcripts 4 fellow
IDE master students, who verified coding
consistency and gave some of their views on
the topic to prevent bias.

« Collaborative theme creation with a PhD can-
didate specializing in sustainable behaviour
in healthcare; providing domain expertise as
a qualitative researcher.

* Validation of findings with 2 ICU Green Team
members and my direct supervisor in the
Erasmus MC.

Systematic Documentation
* Use of transcripts codes & themes
¢ Use of theoretical framework COM-B



3.3.DATA DISCOVERY METHODS Data gaps were identified where information

The Data Discovery phase uses three comple-
mentary methods to address SQ3:

‘What data sources and infrastructure are availa-
ble for (automated) sustainability monitoring in
the Erasmus MC ICU?’

Together the environmental impact mapping,
data souce assessment and technical infrastruc-
ture analysis provide a complete picture of the
sustainability data in healthcare.

3.3.1. ENVIRONMENTAL IMPACT
MAPPING

An overview was created of all the different
environmental impact sources surrounding the
ICU patient through two sessions Green Team
IC-V and ecological experts. Additional input was
gathered through interviews that were part of
the Problem discovery phase. This resulted in an
illustration mapping the emission sources, provi-
ding a visual framework for the following data
source assessment. This mapping was also used
to communicate with stakeholders.

3.3.2. DATA SOURCE ASSESSMENT

For each identified environmental impact
source, available datasets, variables and sources
were documented through conversations with
Green Team and DataHub members and refer-
rals to relevant departments (e.g., purchasing
department).

about emission sources was either non-existent
or challenging to obtain. The assessment focu-
sed on datasets that could provide information
about the previously identified emission sources
and documented in a structured matrix.

3.3.3. TECHNICAL INFRASTRUCTURE
ANALYSIS

Insights into the data infrastructure of Erasmus
MC and DataHub were gathered through con-
sultations with two DataHub software engineers.
These sessions focused on understanding the
necessary steps and considerations for utilizing
hospital data in a data-driven tool, including
data access protocols and system integration
requirements. These findings were documented

3.4. VALIDATION

with a system architecture diagram.

To ensure quality and validity of the research
done, findings from both discovery phases were
triangulated and verified.

The findings from both discovery phases (Pro-
blem Discovery and Data Discovery) will be com-
bined to create a comprehensive Design Brief.
This brief will translate the research findings
into clear design direction and requirements for
the data-driven sustainability tool. Initial findings
were presented to Green Team members and
DataHub engineers for verification, to confirm or
refine interpretations.

The validated findings from both discovery pha-
ses were combined to create a comprehensive
Design Brief. This brief translated the research
findings into clear design direction and require-
ments for the data-driven sustainability tool.
Based on this Design Brief, the Solution Explora-
tion phase will develop potential solutions, with
iterations. After that prototypes were made and
tested with ICU staff. As last step the solution

is refined based on user feedback and presen-
ted in chapter ‘Solution” and implementation is
suggested.
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3.5. KEY TAKE-AWAYS

This research follows the Triple Diamond
model. This enables parallel exploration of
both user needs and technical possibilities,
ensuring the Design Brief and following Solu-
tion Exploration is grounded in both spaces.
The following research methods are used:

a. Problem Discovery: Observations and
interviews revealed current sustainability
practices, workflow patterns, and user
requirements.

b. Data Discovery: Environmental impact
mapping, data source assessment, and
infrastructure analysis identified availa-
ble sustainability metrics and integration
possibilities.

Research validity was strengthened through

triangulation between complementing me-

thods, multiple data sources, stakeholder
verification, and systematic documentation
using established frameworks like COM-B for
behavioural analysis.

This methodological approach directly ad-

dressed the research gaps and 3 sub ques-

tions identified in the literature review in the
specific context of the Erasmus MC ICU



4. Problem Discovery:
Understanding the ICU Context

This chapter addresses two sub- research questions:

SQ1: “What are the current environmental sustainability practices and data utili-
zation in the Erasmus MC ICU?”, and

SQ2: “What are the key user requirements and considerations for a data-driven
sustainability tool in the Erasmus MC ICU?”

Through observations and interviews with ICU personnel, we explore existing
monitoring systems, intervention workflows, and facilitators & barriers to en-
vironmental impact reduction.

N
4.2.
4.3.
4.4.
4.5.
4.6.
4.7.

Current ICU Monitoring

Sustainability and the Workflow of Interventions
User Groups

Barriers & Facilitators to Sustainable Practice
Data Visualization Preferences

Discussion

Key Takeaways
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Figure 9: Monitor ICU Maps

Strengths

+ Strong staff engagement during develop-
ment

* Intuitive visualisation, not too complex like
HiX

*  Medical field expertise (developed by a PhD
candidate with clinical background)

Challenges

* First version implementation issues caused
loss of faith in staff

* Performance issues due to multiple data
sources and limited capabilities of Sas

* Slow response times.

ICU maps is now also extended for further too-
ling like the respiration dashboard that monitors
whether patients are being ventilated according
to the protocol. It is used by the respiration
team now with the aim of expanding to all the
nursing staff.

4.2. SUSTAINABILITY AND THE
INTERVENTION WORKFLOW

The Green Team IC-V is responsible for sus-
tainability at the ICU in the Erasmus. Though
management also bears some responsibility,
the Green Team is active in organising the day-
to-day for the ICU specifically and gets support
from management where needed. The Green
Team meets about once every 2 weeks and is
typically led by Nicole Hunfeld, a pharmacist
who combines practical expertise with academic
research in sustainable healthcare. In her new
paper ‘The paracetamol challenge in Intensive
Care’ (N. Hunfeld et al., 2024), can give a nice
insight into the workings of a Green Team and
the setup of a sustainable intervention.

4.2.1. INTERVENTION WORKFLOW

The sustainable intervention workflow of the
Green Team consists of four main steps, each
with its own considerations:

1. ldentify hotspot
The Green Team identifies a problem they want
to look into and collect baseline data.
ldentifying a problem is often done intuitively or
by learning from the medical network. For exam-
ple, when a paper is published about inserting
a catheter clean instead of sterile (Aarts, 2024),
this is something the Green Team picks up.
Challenge:
*  Environmental impact data (like CO2 emis-
sions) require manual calculation and/or
weighing.
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* Datais not centralized, this makes data col-
lection difficult

* Reliance on external departments (e.g. Phar-
macist and inventory) for usage data can
slow down the process

2. Set goal

A reduction target is set, some of those are

included in the annual plan of the Green Team

and the overall ICU.

Challenge:

* Limited historical data makes it difficult to
set realistic reduction targets

* Goals need to be aligned across multiple sta-
keholders (Green Team, ICU management,
general staff)

+ Difficult to quantify the impact of proposed
goal

3. Motivate & Communicate
In this step the Green Team thinks of a way to
communicate the intervention to the rest of the
ICU staff. For example this poster about ‘Glove
Week' in Figure 10.
Challenges:
* Information fatigue is mentioned as a limi-
ting factor for effective communication
* Rotating staff and different communication
channels

4. Act
The ICU staff implement the intervention in their
daily work.
Challenge:
+ Limited time and resources for staff to adapt
to new procedures
+ Difficulty in measuring the actual impact of
implemented changes

. T |
Figure 10: Poster for the gloveweek campaign
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4.2.2. RECENT INTERVENTIONS

In the Erasmus MC ICU, the green team has

done several interventions, including:

* Reduce paracetamol IV (Intravenous) fluid by
switching to oral medication when possible.

* Reduce non-sterile glove use, reduction was
achieved by changing the use pattern/ beha-
viour with an awareness week & campaign.

* Replace disposable bedliners for washable
towels, when possible.

* Implement new, protocol of non-sterile
placement of catheter that needs less dispo-
sables.

Interviews with general ICU staff revealed
varying levels of awareness about these initiati-
ves, with gloves and paracetamol mentioned the
most. One doctor explained:

"When I'm working now, | no longer put on those
non-sterile gloves, because | can just wash my
hands. So if I think 'oops, this is going to get very
dirty," then | do use them."

This shows the effectiveness of the campaign,
but also the practical side of it.



4.3. USER GROUPS

During the visits and observations, two distinct
different user groups became apparent.

GENERAL ICU STAFF

This group consists of everyone working on and
around the ICU including nurses, intensivists,
support staff, and management. These stake-
holders are central to the project because their
daily actions directly influence the ICU's en-
vironmental impact. Furthermore, these stake-
holders fall under the ICU's management and
are therefore easier to influence than external
stakeholders. This general ICU staff group has
little knowledge of the sustainability practices at
the ICU, other than what is told to them by the
Green Team.

“. Ik denk niet dat mijn gemiddelde collega er
zich van bewust is op het moment dat hij een
extra zeilstof matje uit de kast trekt. Wat voor
milieu impact dat heeft.”

GREEN TEAM IC-V

This group is part of the ICU staff, but with a
bigger interest and knowledge of the sustaina-
ble practices of the ICU. As they, together with
management, are responsible for the decisions
and sustainable interventions taken, they drive
the sustainable change.

4.4. BARRIERS & FACILITATORS

TO SUSTAINABLE PRACTICE

Understanding what hinders and what supports
sustainable progress in the ICU is important for
designing an effective tool to reduce environ-
mental impact. This section presents insights
from mainly the interviews, with some contex-
tual observations, organized with the COM-B
framework (Capability, Opportunity, Motivation),
which provides a structured approach to analy-
sing behavioural factors.

4.4.1. CAPABILITY

It was observed that awareness is a big factor in
the capability of the user. More awareness can
make people feel capable to act. People menti-
on awareness on a big level, however, on an in-
dividual level or small-scale impact is something
that is lacking.

“There is just a lot of waste, we can all see that”-
Nurse 1

Next to that there is a perceived conflict bet-
ween sustainability and both the patient care,
and the protocols that are in place.

Barrier Facilitator

General awareness
about sustainability &
waste

Lack of small impact
awareness

Need for an actio-
nable and effective
process

Patient care & safety
IS a priority

Actions guided by pro-
tocols & regulations

Table 1: Capability factors

4.4.2. OPPORTUNITY

When discussing ways data can be used, people
really saw big opportunities for transparent &
data informed decision making. They did men-
tion that it must be user centric, it is important
to avoid extra work and make the process and
sustainable change as easy as possible. A barri-
er that has not been mentioned in literature is
the people focus and soft culture that came up
in several interviews. This people-centric culture
may make it harder to push for something that
feels "impersonal”, similarly it is a culture that
values positive relationships and avoiding direct
confrontation.

Barrier Facilitator

(Too) soft culture with | Need for user centric
focus on people change (avoid extra
work)

Need for transparent
& data informed deci-
sion-making

Table 2: Opportunity factors
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4.4.3. MOTIVATION

Activating people's interest is found to be a
main facilitator for the participants motivation.
“If you can back it up with figures like: we can re-
cycle 80% and it really does come back into the
cycle and we save so much CO2. Then you really
do get people on board, and they want to make
an effort.” - PhD

This might be a good way to tackle the human
condition that is resistant to change. Another
big barrier is the lack of incentive. Activating
interest and motivation could therefore best be
facilitated with clear management support or
incentives, according to the participants.

Barrier Facilitator

Resistance to change [Activating drive &
interest

Lack of incentive Importance of

management support

Table 3: Motivation factors

4.4.4. INTEGRATION WITH BEHAVI-
OUR CHANGE THEORY

The findings from the thematic analysis were
mapped to the Behaviour Change Wheel (Figu-
re 9) to identify which intervention functions

are suggested to be most effective to guide our
design.

Four key intervention functions were identified
that could drive sustainable behaviour change in
the ICU, each translated into a concrete recom-
mendation.

Figure 11: Behaviour Change Wheel

Education & Persuasion

Address the gap between general and individu-
al awareness by providing clear visualization of
individual and collective impact.

Environmental Restructuring

Make sustainable choices more accessible
within existing workflows and protocols to mini-
mize disruption to critical care.
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‘ Sources of behaviour

‘ Intervention functions

Incentivisation

Develop progress tracking and recognition
systems that respond to the need for incentives
and management support.

Enablement

Create easy-to-follow sustainable alternatives
that make environmentally friendly choices the
path of least resistance.

These proposed intervention functions can in-
form the further design brief and development
of the tool.



4.5. DATA VISUALIZATION
PREFERENCES

As part of understanding user requirements for
a data-driven sustainability tool, participants

of the interview interacted with various sustai-
nability data visualizations. Four key patterns
emerged in how ICU staff interacted with and
interpreted the data:

Need for contextual information

Participants consistently asked questions about
the context of the data, emphasizing their need
for supporting information to make sense of the
visualisations

Preference for specific over general
Individual product data had a higher engage-
ment than category-level visualisations.

Confirmation or challenge

Participants used the data either to confirm
their knowledge or to challenge their assump-
tions, always relating it to the context as they
thought it to be.

Varied interpretations

Different interpretations were made for the
same data patterns - for example, increased
disposable jacket usage in the winter was attri-
buted to both flu season by one participant and
cold temperatures by another.

These insights can have direct implications for
the design of any data-driven sustainability tool,
particularly regarding the level of detail and con-
textual information provided.

4.6 DISCUSSION AND
IMPLICATIONS

This research investigated sustainability prac-
tices and user requirements at the Erasmus
MC ICU, revealing insights that address our two
research questions.

SQ1: "What are the current environmental sustai-
nability practices and data utilization in the Eras-
mus MC ICU?"

The ICU currently relies on targeted interven-
tions led by the Green Team following a four-
step workflow (Identify, Set Goal, Motivate, Act),
with recent initiatives including paracetamol IV
reduction and decreasing glove use. However,
while sophisticated data systems (HiX and ICU
Maps) support clinical care, there is no systema-
tic sustainability data collection or monitoring.
Environmental interventions often rely on manu-
ally gathered baseline data and intuitive decisi-
on-making.

SQ2: "What are the key user requirements and
considerations for a data-driven sustainability tool
in the Erasmus MC ICU?"

Two distinct user groups emerged with different
needs: the specialized Green Team requires
detailed analytics for intervention management,
while general ICU staff need simple, actionable
insights that don't compete with patient care
priorities. Key requirements for a sustainability
tool include: seamless integration with clinical
workflows, interfaces tailored to different user
groups, product-level specificity rather than

broad categories, sufficient contextual informa-
tion for data interpretation, respect for clinical
priorities, and sensitivity to the ICU's people-fo-
cused culture.

The research confirms several patterns from
existing literature, including the prioritization of
patient care over sustainability and the impor-
tance of management support. However, it also
revealed new insights specific to this context:

a "soft" people-focused culture that may resist
impersonal data-driven approaches, tension
between medical protocols and sustainability
efforts, and a gap between general environmen-
tal awareness and understanding of individual
actions' impact.

The behaviour change analysis suggests inter-
ventions should focus on education (addressing
awareness gaps), environmental restructuring
(workflow integration), incentivization (progress
tracking), and enablement (simplifying sustaina-
ble choices).

These insights, together with the insights from
the next chapter, will inform the design brief
and solution exploration, for other use they
might be informative, but benefit from validation
across different ICUs and more diverse partici-
pants in future research.
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4.7. KEY TAKE-AWAYS

There are two user groups with different
needs: The Green Team requires detailed
analytics for intervention management, while
general ICU staff needs simple, actionable
insights for daily decisions.

The Green Team has established a four-step
workflow (identify, set goals, motivate, act),
but struggles with fragmented data and ma-
nual calculations.

Staff insights reveal that sustainability efforts
must work within clinical priorities & proto-
cols and could focus on the limited aware-
ness of small-scale impacts. Implementation
needs to account for the ICU's people focus-
sed culture.

Implementation should include that any
solution must integrate with existing sys-
tems (e.g. HiX or ICU Maps), and support

the Green Team's workflow while minimizing
disruption to clinical processes.

Effective interventions should address awa-
reness gaps, integrate with workflows, provi-
de progress tracking, and make sustainable
choices easier than unsustainable alternati-
ves.



5. Data Discovery:
Environmental impact data & infrastructure

To design an effective data-driven decision support tool for reducing en-
vironmental impact in the Erasmus MC ICU, it is important to understand the
available data and data sources. This chapter addresses SQ3:

“What data sources and infrastructure are available for (automated) sustainability

monitoring in the Erasmus MC ICU?”

This chapter focuses on identifying available data sources, assessing their
quality, and understanding the technical infrastructure that would support

the final solution

5.1.
5.2.
5.3.
5.4.
5.5.

Environmental impact framework
Data availability, structure and quality
Technical infrastructure

Discussion

Key Takaways



5.1 ENVIRONMENTAL IMPACT
FRAMEWORK

To be able to identify the right datasets, it is
important to first know all potential environmen-
tal impact sources add up to the full emission
surrounding the ICU patient. Through conver-
sations with the Green Team and DataHub we
mapped ten distinct emission sources that con-
tribute to the ICU’'s environmental footprint:

*  Medical Products.

*  Medication

* Laboratory Tests

* Transport Patient

* Radiology Research

* Energy Use

* Cloud & Computing

*  Medical Devices

« Commuting ICU Employees
* Food

All sources are mapped out around the ICU
patient in Figure 10. This visual framework illus-
trates the complex environmental impact lands-
cape. This framework served as a foundation for
the data assessment, allowing us to systemati-
cally evaluate data availability across all environ-
mental impact sources.
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5.2 DATA AVAILABILITY,
STRUCTURE AND QUALITY

Using the environmental impact framework as
a guide, an overview was made of all available
datasets.

5.2.1. DATA STRUCTURE

The analysis identified three different categories
of data variables needed for sustainable moni-
toring:
1. Usage Data:
Base measurements of consumption
with variables like ‘Amount Ordered’, or
‘Consumption levels’. These provide base
measurements and are captured in units
like [n], [mL], [kWh] & [kg].
2. Emission Factors:
Factors needed to convert the usage data
into environmental impact metrics. These
are variables like CO2 equivalents [kg-
CO,-eq/kg], Water- [m?/kg] or Land use
[m?/kg].
3. Contextual Data:
Temporal variables (timestamps) and cate-
gorical information (product categories or
device types) provide the necessary con-
text for analysing patterns and meaningful
interpretations.

By combining these three variables, standar-
dized comparisons can be made for example
across time or between different products.

5.2.2. DATASETS OVERVIEW

In Table 4 key datasets and their most impor-
tant variables are shown for two of the Emission
sources; Medical Products and Medication along
with their descriptions, key variables, units of
measurement, data sources, and the frequency
of data collection. For the other emission sour-
ces see Appendix D. The Emission sources are
ordered by completeness, from most complete
(Medical Products) to no data currently availa-
ble at all (Patient transport). We can clearly see

Source of |Description| Key Variables | Unit

Product Name,
Category, Amount
Ordered

Emissions &
purchase data
from medical
products

Mass, Emission
Factor (per Cate-

gory)
Mass

Emission factor
Medication Type,
time, patient,
Amount pre-
scribed

Emissions &
waste data
from medica-
tion production
and use

MEDICA-
TION

Medication Mass,
packaging Mass

that there is not enough data to give a good
emission sum of the total. However, for some
of the emission sources there is enough data to
create insights into environmental impact and
identify areas for improvement. This is the case
for medical products, and energy consumption
where there are both usage data and emission
factors available. In terms of n * kg and there-
fore kg waste. Medication is also an interesting
emission source to consider as there is data on
both the prescribed amounts in kg, as well as
the packaging waste in numbers and kilograms.

Frequency of
Data Collec-

Source data-

set(s)

Inventory purchas-

[n] ing dataset (query) Monthly
[kg] [ke-

2019 Material flow

CO2-eq/ analysis (N. Hunfeld
kgl etal., 2022) Manual
[kgl Manual Weighing ~ Manual
[kg-
CO2-eq/
kgl LCA Sources -
[(mL],
[mL/h].  Electronic Health
[mg], [nr] Record (HiX) Live
Research done by
PhD cand. (not pub-
[kg] lished yet) -

Table 4: Dataset overview (selection: Medical Products & Medication
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5.2.3. DATA QUALITY AND
LIMITATIONS

The analysis of available data revealed some
limitations and quality considerations:
Completeness gaps: For several emission sour-
ces (particularly Patient Transport and Food),
data is entirely missing or too fragmented for
meaningful analysis.

Standardization challenges: Limited standardi-
zation of emission factors across sources makes
comparative analysis difficult.

Collection methods: Some metrics require
manual data collection (e.g., product weighing),
creating potential for inconsistency and limiting
scalability.

Time lag: Most data is available monthly rather
than in real-time, creating delays in impact as-
sessment.

Processing requirements: Some datasets re-
quire significant processing before they can be
meaningfully analysed.

5.2.4. EXPERIMENTAL VISUALISA-
TION

To get some visual understanding of what these
datasets can show us, a few visualisations were
made, for example in figure 10 the top 10 most
used medical product categories per patient day
is plotted. Here you can see that per patient day
in 2023, 91 gloves were used.

Further visualisations can be found in Appendix

A, developed for the data interaction part of the
interviews in Chapter 4.

36 | 5. Data Discovery:

Top 10 meest gebruikte medische producten

Bewaariopvangmatersal
Incaranenticmatensal mulbifunctiorses
Stopse, afcluitpdoseerdap

s atijassen

Injectiespiui

Broedatmarmne sy seem

Categorieén

Mandmaskers

Hiet medisch (bijv. alvalzakkan|

Morewoven [bepe gaaspsl

Harmgschoenen opderzock

£d 4

g =
Aantal per patient ligdag

3 4

Figure 14. Most used medical product categories per patient day in 2023



5.3 TECHNICAL INFRASTRUC-
TURE

Understanding the technical infrastructure at
Erasmus MC is important for designing, proces-
sing and implementing a data-driven tool. This
section looks at the existing data systems and
flow processes that can support this.

SOURCE

HiX (Chipsoft) is the electronic health record
system that captures patient-related clinical
data, including medication administration and
medical procedures

Oracle Purchasing System manages the procu-
rement data for medical products and materials
for the whole Erasmus MC

Environmental data: Research-based impact fac-
tors and manually collected measurement.
DATA PROCESSING

Health Data Platform (HDP) extracts data from
source systems (e.g. HiX, lab data and others)
within Erasmus MC and models this data to
international standards before publication to
other secure systems.

SQL Server Management Studio (SSMS) is

a development environment where database
queries are written and executed to retrieve and
manipulate data from the Health Data Platform.
Azure DevOps is a development tool manages
the version control and deployment of code
used for data processing and analysis in the
infrastructure.

SAS Viya is the analytics platform that combines
SAS Visual Studio for analytics and dashboard
creation and SAS Server for keeping the dash-
board live to end users (the DataHub often also
uses SAS for running models).

Erasmus MC
Electronic Health Purchasing Environmental
- Record system data
e & i
E CORACLE — 2 LI h
= -
[ ¥y
|
1
Hea||h Data Platform (HDP) SasViya [

[
T 8
= =
o Froduction o
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— S,ﬂt_ Cerver — AZLIrE D’E‘H'D_P"S End-user

$  Management Studio s I Azure g
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Figure 15: Data Infrastructure Erasmus MC & DataHub

Figure 12 illustrates the dataflow from source
through processing to a data-driven tool for the
end-user. Two source systems (HiX and Oracle)
feed the HDP, which preprocesses this data

to fit certain standards. It is worth noting that
inventory data has only been available in this
system since September 2024, and is thus only
recently available for processing.

To extract the right data from the HDP a query
needs to be developed, this is done by a com-
bination of the researcher/developer and the

HDP-team. In this case my colleagues from the
DataHub helped me with this. With a query, data
can be accessed in a different environment,

in this case SAS Viya. With additional input of
non-Erasmus MC specific environmental data

as well as some code that translates the query
generated data into a format that SAS Viya can
work with, we have all the input needed to crea-
te a data-driven tool or dashboard which is then
put live at the SAS Server and can be accessed
by the end-user.
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5.3.2. TECHNICAL INTEGRATION
CHALLENGES

Through collaboration with DataHub engineers,
several key technical challenges were identified
that can affect sustainability data integration:
Data integration mapping: Combining procure-
ment and environmental data requires collabo-
ration across multiple systems

Security requirements: Healthcare data is sur-
rounded by privacy regulations and access
restrictions.

External data integration: Environmental impact
factors from external sources must be manually
updated as they aren't part of standard hospital
data flows.

5.4 DISCUSSION

This chapter addressed the third research
sub-question "What data sources and infrastruc-
ture are available for (automated) sustainability
monitoring in the Erasmus MC ICU?"

Our assessment supports prioritizing Medical
Products for initial implementation based on
three factors: superior data completeness, esta-
blished infrastructure for access, and alignment
with staff awareness (as found in Chapter 4).
This approach allows for focused development
while establishing processes that can extend to
other emission sources as data improves.

The findings suggest a phased implementation
approach, beginning with medical products,
then expanding to energy consumption and
medication, and eventually incorporating more
challenging sources like laboratory tests and
transportation.

The technical infrastructure assessment con-
firms that the existing DataHub systems can
support automated sustainability data collecti-
on, though implementation challenges remain
in combining clinical, procurement, and environ-
mental data within healthcare's security con-
straints.

These insights can directly inform the design
brief and solution with concrete technical guide-
lines and limitations.

5.5. KEY TAKE-AWAYS

Ten emission sources were identified and
mapped, creating a framework for assessing
sustainability data availability

Medical Products was found to have the
most complete dataset combining both usa-
ge metrics (procurement records) and emis-
sion factors.

Data falls into three categories: Usage Data,
Emission Factors, and Contextual Data,
which together enable meaningful environ-
mental impact analysis.

The existing DataHub infrastructure provides
a foundation for automated data collection
through a series of connected systems
(Oracle -> HDP -> SAS Viya)

Some implementation challenges remain,
these include data completeness gaps, stan-
dardization issues, and the need for manual
environmental data updates.




6. Design Brief

This chapter translates the findings from the literature review, problem dis-
covery and data discovery together in one Design Brief for the data-driven
sustainability tool for the Erasmus MC ICU. While the research identified 2
user groups with different needs, this brief strategically refocuses on suppor-
ting the Green Team as the primary user of the product. Through the Design
challenge, Strategic direction and Requirements, this chapter establishes the
foundation for developing a decision support dashboard that enables da-
ta-driven sustainability decision support.

6.1. DESIGN CHALLENGE
6.2. DESIGN DIRECTION

6.3. REQUIREMENTS
6.4. KEY TAKAWAYS



6.1 DESIGN CHALLENGE

6.1.1. PROBLEM STATEMENT

After the research that has been done, we can
present a refined problem statement which is
not only built on the initial assignment given by
stakeholders but is based on the insights gathe-
red:

The Erasmus MC ICU needs to reduce its en-
vironmental footprint to meet its 2030 sustaina-
bility targets, but lacks the data insights to effec-
tively measure, monitor, and improve its impact.
The current fragmented sustainability data
makes it difficult for the Green Team to execute
their established workflow of identifying hot-
spots, setting goals, and implementing interven-
tions. While the research identified two distinct
user groups with different needs, this project
focuses on the Green Team as the primary user.
Due to time constraints it was deemed better
to focus on one user group, especially as the
needs are quite different. By enabling the Green
Team to manage data-driven interventions
through transparent sustainability metrics, they
can more effectively guide and motivate gene-
ral ICU staff toward sustainable practices, while
ensuring patient care remains the priority.
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6.1.2. CORE CHALLENGES

To address the problem statement effectively,
three key challenges must be overcome:

Information Integration

Currently, relevant sustainability data is scatte-
red across different departments and systems,
requiring manual collection and calculation. This
fragmentation makes it difficult for the Green
Team to identify environmental hotspots, set
realistic goals, and measure intervention suc-
cess. As one Green Team member noted during
interviews:

"We spend more time gathering data than acting
onit."

Clinical-Sustainability Balance

Any solution must operate within an intensive
care medical environment, where strict proto-
cols and patient care are the absolute priori-
ties. The research revealed a perceived conflict
between sustainability initiatives and clinical
requirements, particularly around infection pre-
vention practices and disposable products. The
Green Team needs data tools that acknowledge
and work within these clinical constraints.

Data-Driven Decision Making

While the Green Team has established a work-
flow for sustainability interventions, they cur-
rently rely heavily on intuition and limited ma-
nual measurements rather than comprehensive
data analysis. Improving their capability to make
evidence-based decisions requires not just data
access, but also meaningful visualization and
context that supports their intervention plan-
ning process.

6.1.3 DESIGN OPPORTUNITIES

The research guides us toward the following
design opportunities:

Enhanced Green Team Workflow

The Green Team's established intervention
process (identify, set goals, motivate, and act)
provides a framework that can be strengthened
through integrated data support. A data-driven
tool that aligns with this workflow can transform
sustainability management from intuitive to evi-
dence-based.

System Integration

Building on existing Erasmus MC data infra-
structure (HiX, Oracle, and SAS Viya) provides
an opportunity to automate data collection that
currently requires manual effort, allowing the
Green Team to focus on analysis and action
rather than data gathering.

Data-Driven Communication

Findings from the research done, showed that
transparent metrics and product-level data
visualization can effectively engage staff in con-
versations about sustainability. By equipping the
Green Team with clear, contextual data visuali-
zations, they can more effectively communicate
interventions and progress to general ICU staff.
These opportunities directly address the chal-
lenges identified in this research. Figure 16 il-
lustrates how each design opportunity connects
to specific challenges in the ICU sustainability
context. Ensuring that the design direction is
purposefully aligned with solving the core pro-
blems faced by the Green Team in their sustai-
nability efforts.



Enhanced Green Team Work-
flow

Clinical-sustainability
balance

Figure 16. Connection between challenges & opportunities

6.2. DESIGN DIRECTION

Building on the identified Design Challenge,
the design direction presents guidance for the
data-driven tool through an analogy, product
vision and requirements. The design direction
primarily focuses on the Green Team as the
identified main user, but will

6.2.1. THE FOOTBALL TEAM

To better understand the role of the Green
Team and their relationship to the product's
functionality, and the ICU staff, and analogy can
be useful. In this project, the main stakeholders
and their interactions can be compared to that
of a football team and its coach, see Figure 17.

The coach
The coach oversees the bigger picture. They
analyse the past performance, review the data

Opportunities

System integration

Information integration

of their team and develop a gameplan to impro-
ve team performance. Similarly, the Green Team
uses sustainability data to identify areas for
improvement and create focussed campaigns to
drive change, following their workflow from ana-
lysis to implementation. The green team provide
the direction and insights needed for the gene-
ral ICU staff to perform effectively.

The players

The football players are the ones that are ac-
tively playing on the field, taking actions that
directly impact the outcome. Their combined
efforts lead to success. Like players who need a
clear gameplan and coaching support, ICU staff
need guidance to understand how their actions
contribute to sustainability goals. By focusing on
one key change at a time, they can work to-
gether toward meaningful progress.

This analogy illustrates that by empowering
coaches with better information and planning

Data-driven communication

Data-Driven decision making

tools, players receive more effective guidance
and feedback, ultimately improving team perfor-
mance.

6.2.2. VISION

Based on the analogy and research findings, the
vision for the users, the function of and interac-
tion with the product is outlined.

Green Team

“Facilitating a moment of reflection, acknowled-
ging the team'’s progress, and looking ahead to
build the next winning strategy. Like a football
coach, the Green Team uses data insights to
identify key areas for improvement, and guide
the ICU staff toward impactful, focused actions
for a more sustainable future.”
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Figure 17: The Football team interaction analogy

Product

The football team analogy translates into two

key product components that have different but

complementary roles:

* The dashboard:
Designed for the green team, the dash-
board provides reliable, data driven insights
throughout all the steps they take. It helps
to identify sustainability hotspots, monitor
progress and focus interventions on where
there is most to win in environmental reduc-
tion on the ICU.

* A campaign:
The research also revealed potential for
campaign format, based on the dashboard
insights they wish to focus on, that commu-
nicates one specific area for improvement
to the ICU staff. This ensures actionable and
motivating communication and creates a
positive sense of teamwork and progress.

This campaign aspect, while valuable, is identified

as a future development opportunity beyond the

scope of the current implementation.

42 | 6. Design Brief

6.2.3. TARGET USERS

Green Team IC-V
- el

* Data-driven insights
* Monitoring tools
* Campaign planning support

Challenges:

* Manual data collection

* Measuring intervention impact

* Finding new environmental
hotspots

e

Figure 18.Target users with needs and challenges

All findings from our research can be summari-
zed in these two user personas shown in Figure
14, with the dashboard solution focusing prima-
rily on the Green Team IC-V. The clear distincti-
on between these groups' needs reflects the dif-
ferent roles they play in sustainability initiatives.
Understanding both perspectives ensures the
dashboard effectively supports the Green Team
while remaining mindful of how their decisions
impact frontline staff.

ICU Staff

Meeds: b

* Clear action guidance
o Transparency & context
* Low effort

Challenges:

* High cognitive lood

= Mot aware of ervironmental Impact
of small actions

= Patient care priornity



6.3 REQUIREMENTS

Building on the design goal and research in-
sights, this section outlines a list of design re-
quirements that will serve as guidelines for the
design and evaluation of both the dashboard
and the derived campaign.

The requirements have been verified with both
the client and the end-user and with their input
altered and put in the correct order, from most
to least important. The requirements are organi-
zed in:
« Functional
Outlines what the product does and which
user needs it adresses
«  Technical
Describes how the infrastructure and capa-
bilities need to function.
*  Operational
Deals with the usability, training and re-
al-world application, making it human-cen-
tric.

The following requirements have been revie-
wed and supplemented by the Green Team and
its manager. The requirements in bold are the
most important in their view.

6.3.1. DASHBOARD

FUNCTIONAL

1. The dashboard must reveal environmen-
tal impact hotspots for improvement.

Justification: Problem Discovery revealed the

Green Team spends significant time identifying

where to focus sustainability efforts. Data analy-

sis showed medical products as the most com-
plete dataset to begin with.

Validation metric: Green Team members can
identify top 5 environmental impact categories
in 10 seconds.

2. The dashboard must enable goal-setting
and target tracking for interventions
Justification: Observations of the Green Team
workflow showed they establish reduction tar-
gets but are not able to track progress without
consistent metrics.
Validation metric: The system allows setting
numerical reduction targets and visualizes pro-
gress against these targets.

3. The dashboard must support filtering and
sorting of data by different parameters (pro-
duct type, department, time period)

Justification: Interviews revealed the need for

contextual understanding of data, including

temporal patterns and product-specific details.

Validation metric: Users can successfully filter by

at least three parameters (time period, product

category, and department).

TECHNICAL

1. The system must provide transparency by
giving the source of data and explaining
the calculations made, enabling quality
checks & comparisons.

Justification: Literature review identified trust in

data as crucial for adoption, and interviews con-

firmed users need to understand data origins.

Validation metric: All visualizations include data

source citations and calculation explanations

accessible within one click.

2. The system must integrate with the Erasmus
MC Data infrastructure data retrieval and
connection with existing monitoring systems;

Justification: Data Discovery identified existing

hospital systems (HiX, Oracle) as potential au-

tomated data sources through the Health Data

Platform.

Validation metric: Data retrieval process functi-

ons through established infrastructure without

requiring manual export/import steps.

3. The tool must support access to Green Team
members, for updating the manual retrieved
data (e.g. product weight or emission fac-
tors).

Justification: Data quality assessment revealed

gaps in emission factors that require regular

updates as new information becomes available.

Validation metric: Green Team members can

update product weights and emission factors on

a quarterly basis.

4. The tool must be compliant with data privacy

and information security policies.
Justification: Hospital context requires adheren-
ce to strict data governance standards.
Validation metric: Solution passes the DataHub's
security review process.

OPERATIONAL

1. The tool must be intuitive to use and view
for Green Team members, requiring minimal
training to operate.

Justification: Observations revealed time con-

straints and competing priorities among Green

Team members.

Validation metric: New users can complete basic

tasks after a short introduction.
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2. The tool must fit in the workflow of the ICU
Green Team;

Justification: Workflow analysis identified key

intervention stages (identify, set goals, motivate,

act) that the tool must support.

Validation metric: Tool functionality aligns with

and enhances each step of the Green Team's

established process.

3. The tool should use simple visualizations
and language to ensure sustainability data is
easily understood by all users.

Justification: User testing in Problem Discovery

showed varied data interpretation skills among

stakeholders.

Validation metric: Visualizations follow establis-

hed data visualization best practices and avoid

technical jargon.

4. The tool must support collaborative analysis
sessions with medical experts

Justification: Observations showed Green Team

decisions involve multiple perspectives, inclu-

ding clinical expertise.

Validation metric: Dashboard can be effectively

used during team meetings with multiple vie-

wers

6.3.2. FUTURE DEVELOPMENT:
CAMPAIGN

While the initial implementation focuses on the

dashboard for the Green Team, the research

identified requirements for a potential future

campaign component. These requirements are

documented to guide subsequent development

phases:

* Materials that highlight specific sustainable
actions and their measurable impact

*  Templates that focus on one intervention
area at atime

* Progress feedback mechanisms

* Formats compatible with ICU communication
channels

* Designs that respect clinical priorities and
minimize cognitive load

These future campaign requirements will be
revisited after the dashboard implementation,
with potential integration of dashboard data
exports into campaign templates.

6.4. KEY TAKEAWAYS

This Design Brief focuses on supporting the
Green Team as the main user of the da-
ta-driven tool. Like giving football coaches
better analysis tools to improve team per-
formance, we prioritize enhancing the Green
Team's capabilities.

The three main challenges are: combining
scattered sustainability data, working within
ICU clinical priorities, and supporting the
Green Team's process of planning and im-
plementing sustainability initiatives.

Critical requirements include identifying
environmental hotspots, setting and tracking
reduction goals, and connecting with exis-
ting hospital systems while ensuring data is
transparent and easy to understand.

The design recognizes the dynamic between
the Green Team and ICU staff, with potential
future development of communication ma-
terials to help staff understand and act on
interventions.




7. Solution Exploration

This chapter documents the development of a data-driven sustainability dashboard
that meets the requirements from the Design Brief. The solution exploration follows
an iterative approach that will support the Green Team's established workflow with
data access. The chapter progresses from design iterations to technical implementa-
tion, communication strategies, and validation through user testing., with each deci-
sion connected to the requirements identified.

7.1. Design Iterations
7.2. Technical Prototype Development
7.3. User Testing

7.4. Key Takeaways



7.1 DESIGN ITERATIONS

Building on the Design Brief's requirements, this
section documents the iterative development
of the dashboard solution. The design process
focused on creating a tool that serves the Green

Team's role as "coach" while integrating into
their established workflow.

7.1.1. WORKFLOW INTEGRATION

The first step in the design process was map-
ping how the dashboard would enhance the

1. Identify hotspots

Pinpoint the top sustainability challenges in

the ICU o fecus next Jction,

Green team leader:
Kawrprs U to dafe on research fndings
Logs imo dashboand and riviess data

Dashboard:

Provwides [ranaparent viseagations and

datas filtering options to find hofspats
UL Ineeractiang:
Worr  « Filter cdata by specific categirnies
Fain pointi
= Teghaical functionaling
= DA elainy Lacking

Uncover factors behind the hotspots

through collabaration with ICU sgafll,
Green Dham!
Organise discusion 10 explare canted
ICU Seaff:
Provide context, explaining operationad or
behavioural tacmors corributing 1o trend
Dashbaard:
Visuals guide discussion regarding medecal

v oo, behapdou, seanons et

S interactions:

W s Validate or challenge the data shown
Pain palnts:

* = Lack of tmefengapement from 10U scaff
& Wrong explanation for trends

Figure 19: Workflow with dashboard interaction
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Green Team's intervention workflow. Figure 19
illustrates the expanded workflow, showing how
each step is supported by dashboard functiona-
lity. The enhanced workflow expands the Green
Team's current four step process to six steps,
adding two critical components:

3. Establish goal

Define a clear and ransparant goal for the

intervention that aligns with 1ICU context.
Green team:

& Use insights to propose a specific
maasurakie goal

Management:
Apmrowves o Bnaune algnment with 10U
pritites

/ Dashboard:
', Caiculate potential impact of intervention

gy Interactions:

W * Dashboard s used 1o predict SUICOMES.
= Campaign format &5 edited Tor thes foous.
= Cranrly ambitious or disconnecied goals

reducing mathvation



Understand factors: Understand factors:
Added to provide context and explore the
medical implications of potential interventi-
ons, ensuring changes respect patient care
priorities

Measure progress: Added to use the availa-

ble data for tracking outcomes and motiva-
ting continued engagement
The dashboard provides continuous data sup-
port at each stage, from identifying hotspots
through automated data collection to measu-
ring outcomes with standardized metrics.

The visualizations evolve throughout the pro-
cess—beginning with broad category overviews
for initial analysis and transitioning to specific
product-level details and progress tracking for
implementation. The workflow guides the clear
integration points, ensuring that the data in-
sights result in action.

Effectiviely comnmunicate the miervention
to ICL staff, motivating (o implementation.
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7.1.2. DATA VISUALIZATION DESIGN

To develop effective visualizations for each workflow stage, a systema-

tic evaluation approach was implemented. This process began with the
development of approximately 50 different data plots visualizations, which
were then assessed using a requirements-based scoring framework.

The best 3 of these visualizations were selected and evaluated with a sco-
ring framework, based on the requirements from Chapter 6:

+ Functional Requirements (F): Effectiveness in serving user needs

* Technical Requirements (T): Data clarity and system integration

* Operational Requirements (O): Usability and workflow fit

Each visualization was scored on a 1-5 scale for these categories to deter-
mine which plot would be selected for the prototype.

EVALUATION EXAMPLE

The following visualizations were evaluated for the “Identify Hotspots”
workflow step:

Top B EFvemnme i Brpst Fotspons oy Canegery

: H|||| || I I T

W00 drpadt kg W Lt ' Nater L

Figure 20: Identify Hotspot lot C
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Category Anabysis

Figure 22: Identify Hotspot lot B




Visualization [F T 0] Total Key strength

A 5 4 5 14/15 Clear impact comparison
B 3 4 3 10/15 Temporal patterns

C 4 4 3 11/15 Multiple metrics

Table 5: Hotspot plot evaluation Category Analysis

Visualization A scored highest because of its
clear presentation of comparative data, directly
supporting requirement F1 reveal hotspots'.
The design allows users to quickly identify the
highest-impact categories, with the interactive
button element to explore product-level details
by clicking on a category bar.

Similar evaluation processes were conducted for
visualizations supporting each workflow stage in
Appendix E.

7.1.3. FINAL DASHBOARD STRUC-
TURE

This evaluation process revealed that while the
workflow has 6 steps, the data visualization
needs could be effectively met with two dash-
board views that support the different types of
Green Team/Dashboard interactions:

* Analysis & Plan: Deep data exploration du-
ring the 'Hotspot Identification” and ‘Under-
stand Factors’ steps.

*  Set & Track Goals: Supporting “Establish
Goal” and "Measure Progress” steps.

Evaerall Monthly Trend

This simplified approach addresses the need for
intuitive use (O1) while still providing the data
necessary throughout the workflow.

Figure 23: View 1 Dashboard Prototype
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Key elements are:

« Category and product impact overview &
comparison (Req. F1)

* Usage pattern over time

* Multiple environmental impact indicators

* Interactive filtering and zoom in capabilities
(Req. F3)

SET & TRACK GOALS

This view answers the question: “What is a rea-

listic target and how are we doing?”

Key elements are:

+ Target setting interface for reduction goals
(Req. F2)

*  Progress tracking with target path compari-
son (Req. F2)

* Environmental savings calculations

+ Status indicators for goal achievements

The systematic steps made in this section show

how design decisions were guided by insights

from the research and requirements, resulting

in a prototype that is a balance of both functio-

nality and usability. The next section will focus

more on the technical side of the prototype.
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Figure 24: View 2 Dashboard Prototype
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7.2 TECHNICAL PROTOTYPE
DEVELOPMENT

Several technical decisions were made to ensu-
re the functionality worked well for user testing.

7.2.1. DEVELOPMENT APPROACH

The prototype was developed in SAS Viya Visu-

al Analytics to leverage existing infrastructure

and expertise at the DataHub, as explained in

chapter 5. This enabled faster development of a

functional prototype that could connect to real

hospital data sources while meeting security

requirements.

The initial prototype focused on implementing

the two key dashboard views that emerged from

the design process:

* The Analysis & Plan view for exploring en-
vironmental impact hotspots

* The Set & Track Goals view for monitoring
intervention progress

These views were first made with real procure-

ment data from the ICU for evaluation purposes,

initially using .csv files of the year 2023 for fast

iteration cycles.

7.2.2. KEY ITERATIONS

The prototype underwent several iterations to

address initial technical challenges:

1. Data preprocessing
Significant effort went into transforming pro-
curement data into suitable formats for SAS
Viya, for example conversion to long format
datasets that could be properly processed.

2. Standardized metrics
Calculations were incorporated within SAS
Viya to normalize data (e.g., "usage per
patient day"), enabling meaningful compari-
son across time periods with varying patient
volumes

3. Interactive filtering:
Additional filter mechanisms were implemen-
ted to allow Green Team members to explo-
re data by different dimensions including
time period, product category, and environ-
mental metric
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Figure 25: Prototype in SAS Viya

4. Reduction tracking:
A technical solution was developed for the
goal tracking feature, using the average
monthly usage from the previous year as a
baseline to calculate reduction percentages
5. Clear labelling:
Comprehensive titles and explanatory text
were added throughout the interface to im-
prove clarity and usability
Each iteration focused on implementing the
core requirements identified in the Design Brief
while preparing the prototype for user testing.
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7.3 USER TESTING
7.3.1 TESTING METHODOLOGY

PARTICIPANTS

Testing involved six participants representing

different stakeholder perspectives:

¢ Three Green Team members: one nurse, 2
medical researchers.

*  One Green Team leader & pharmasist

* One PhD researcher with sustainability ex-
pertise

* One student with experience in Erasmus MC
sustainability initiatives

This diverse participant selection ensured re-
presentation across different roles, and as the
Green Team is not that big, it seemed a good
idea to get some external feedback.

7.3.2. TEST STRUCTURE

The evaluation followed a three-part structure:
1. Contextual introduction
Participants were introduced to the Green
Team's enhanced six-step workflow as the
foundation for the dashboard design, pro-
viding context the dashboard
2. Task-based usability testing
Participants completed specific tasks
representing typical dashboard use cases,
including:
a. ldentifying environmental impact hot-
spots
b. Exploring specific product information
Setting and interpreting reduction goals
d. Analyzing trend data for selected catego-
ries

N

This portion of the test was designed to
identify usability issues and familiarize
participants with the dashboard interfa-
ce.

3. Open feedback discussion Participants were
asked open-ended questions about their
expectations, perceived usefulness, and de-
sired improvements. This approach encoura-
ged candid feedback beyond the predefined
requirements. The test guide can be found in
Appendix F

7.3.3.KEY FINDINGS FROM USER
TESTS

The testing revealed several important insights
about the prototype's effectiveness and areas
for improvement. For effective implementation,
the insights have been divided in three groups;
Errors to fix, User experience improvements
and Future enhancements. All feedback is cate-
gorized by priority, providing a foundation for an
implementation roadmap that addressed both
the quicker fixes and longer term opportunities.
This roadmap is presented in detail in Chapter
8.

ERRORS TO FIX

* Navigation issue: Unable to return to catego-
ry view after drilling down into products

+ (Calculation issues with per-patient day me-
trics

* Product filters not functioning consistently
for every visible metric

* Future year projections needing adjustment
in goal tracking view
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USER EXPERIENCE IMPROVEMENTS

¢ Add clear source attribution for all environ-
mental impact factors

* Display number of products within each ca-
tegory (in parentheses)

* Improve time period display (month names
instead of numbers)

* Add titles to filter section in view 1

¢ Sety-axis to start at zero for more accurate
visual representation

* Make clearer distinction between procure-
ment data and actual usage

* Add percentage indicators showing an arti-
cle's proportion of its category total

* Add tooltips for explaining visualization ele-
ments

FUTURE ENHANCEMENT OPPORTUNITIES

* Integration with Microsoft Teams environ-
ment used by Green Teams

* Year-to-year comparison capabilities in a
single view

* Trendlines to smooth procurement fluctua-
tions

+ Cost saving calculations alongside environ-
mental metric savings

* Automatic detection of significant trend
changes

* Progress notifications and positive feedback
when goals are achieved

* Database of sustainability best practices



Figure 26: ICU Nurse at work (Beeldbank EMC)

il 7.4. KEY TAKEAWAYS

The solution exploration process resulted in
a dashboard prototype with two complemen-
tary views that support the Green Team's
enhanced six-step workflow.

The Analysis & Plan view enables identifi-
cation of environmental hotspots and con-
textual understanding

The Set & Track Goals view provides goal
setting and progress monitoring capabilities.
Technical iterations focused on data prepro-
cessing, standardized metrics, and interac-
tive filtering.

User testing with six participants identified
specific improvements across three catego-
ries: errors requiring immediate fixes, user
experience enhancements, and future deve-
lopment opportunities.

The testing confirmed that the prototype
successfully meets core requirements for
environmental hotspot identification, goal
setting, and data filtering, while revealing
opportunities to enhance data transparency
and visualization clarity.




8. Solution: GERDA

This chapter introduces GERDA and it's components and features, demonstrates the
practical application, explains its technical implementation and outlines future deve-
lopment possibilities with a roadmap. Building on research findings, the design brief
and design iterations, Gerda addresses the core need of enabling the Green Team to
effectively measure, monitor and reduce environmental impact.

8.1.
8.2.
8.3.
8.4.
8.5.
8.6.

GERDA: The Green ERasmus Data Assistant
GERDA in use

Technical Implementation

Campaign solution ideation
Implementation roadmap

Key Takeaways



8.1. GERDA: THE GREEN ERAS-
MUS DATA ASSISTANT

8.1.1. PRODUCT OVERVIEW

GERDA (Green ERasmus Data Assistant) is a da-
ta-driven sustainability dashboard designed to
help the ICU Green Team identify environmental
hotspots, set reduction targets, and monitor
progress.

The name GERDA—an old-fashioned Dutch
female name—was chosen to give the tool a
personified, assistive character, reinforcing its
role as a helpful companion in sustainability
work. Building on the football coach analogy
from Chapter 6, GERDA equips the Green Team
with the data needed to effectively guide ICU
staff toward more sustainable practices while
integrating seamlessly with existing hospital
infrastructure and connecting to procurement
data through the Health Data Platform.

8.1.2. KEY FEATURES & COMPO-
NENTS

GERDA consists of two complementary dash-
board views, see Figure 27, each supporting
different stages of the Green Team's sustainabi-
lity workflow:

ANALYSIS VIEW (“ONDERZOEK")

The Analysis view, shown in Figure 28, enables

environmental hotspot identification and ex-

ploration through several key components:

* Product Category Visualization: A horizontal
bar chart displays product categories by vo-
lume, with examination gloves (“Handschoe-

nen onderzoek”) clearly identified as the
highest-volume category at nearly 8 million
units, followed by face masks and injection
equipment.

* Interactive Filtering: Users can filter by
product category and time period using the
selection controls at the top of the interface,
allowing focused analysis of specific areas of
interest.

* Usage Trends: A time series graph displays
procurement patterns over the selected
time (2019-2023), revealing fluctuations in
ordering behaviour and potential seasonal
patterns.

* Environmental Impact Metrics: Key figures
prominently display total product volume, to-
tal CO, emissions, and per-unit environmen-
tal impact providing multiple perspectives on
sustainability performance.

* Drill-down Capability: The “klik door voor
product details” (click for product details)
option allows users to explore specific pro-
ducts within a category, supporting detailed
analysis.

o—— | 27M 94
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Figure 27: Dashboard views ‘Analysis’ & ‘Goal Setting’

GOAL SETTING VIEW (“DOEL & MONITOR")

The Goal Setting view, shown in Figure 29, sup-

ports intervention planning and progress trac-

king:

* Target Configuration: Sliders allow users to
set specific reduction targets (shown as 10%)
and timeframes (January 2022 to December
2024), establishing measurable goals for
sustainability interventions.

* Progress Visualization: The time series graph
displays actual usage (blue line) against the
target reduction path (yellow dashed line),
providing immediate visual feedback on
performance relative to goals. The yellow line
starting value is the average monthly use of
the 12 months before the starting time.

* Product Selection: Dropdown menus enable
focusing on specific product categories (with
“Mondmaskers” or face masks selected in
the example) or individual products, allowing
targeted intervention tracking.

* Flexible Time Range: The configurable time
period allows for both short-term tactical
monitoring and long-term strategic assess-
ment of sustainability initiatives.
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Figure 28: Dashboard view ‘Analysis’
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Together, these views support the Green Team
throughout their entire workflow—from iden-
tifying the most significant environmental impact
sources to setting realistic reduction targets and
monitoring intervention outcomes. The simple
interface design minimizes training require-
ments, allowing the Green Team to focus on
environmental impact reduction rather than
dashboard operation.

GERDA's visualization approach follows best
practices identified in Chapter 2, balancing infor-
mation density with clarity and providing con-
text for meaningful interpretation. The design
addresses the key user requirements identified
in Chapter 4, particularly the need for specific
product-level data over general categories and
clear contextual information for proper inter-
pretation.

8.2. GERDA IN USE
8.2.1. GREEN TEAM INSTRUCTION

The following instruction guide was developed
to support the Green Team in implementing
GERDA within their sustainability workflow. This
booklet was read by five Green Team members
and refined based on their feedback to ensure it
accurately represents their way of working and
use of terms and language. The illustrated for-
mat in demonstrates how GERDA supports each
step of the six-stage process, from identifying
hotspots to monitoring progress.
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GERDA

The Green ERasmus Data Assistant helps you drive sustainability!

In the transition to sustainable care, Green Teams face big challenges: How do you
know exactly what to focus on with the next initiative? How do you ensure that
initiatives serve both the environment and patient care? How do you know your
campaign really works?

GERDA supports Green Teams with a combination of data and a tested methodology,
developed by and for Green Teams at Erasmus MC.

Benefits:

e.° .,

Insight into environ- Evidence-based

Set and meet Monitoring
mental hotspots decision-making

concrete targets progress

Figure 30: Information Booklet for the ICU Green Team
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When all information is collected for the next Green Team
meeting, the Green Team reviews the trends and usage
numbers shown by GERDA alongside the underlying fac-
tors. They discuss what would be a realistic goal. Using
GERDA's goal function, they simulate different scenarios
and set a 20% reduction as their target for the next six
months.
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6. Monitor progress
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Two months later, Nicky and the Green Team evaluate
the impact of the intervention. GERDA shows a declining
trend in gown usage. No incidents have been reported in
patient care. Staff is positive about the blanket alterna-
tive. A poster is created showing the reduction achieved
so far and complimenting the department. The team sha-
res their approach with other departments to support
similar initiatives.

0
i
%

GERDA features:
Frogress updotes



8.3. TECHNICAL IMPLEMENTA-
TION

8.3.1. SYSTEM ARCHITECTURE

The integration of GERDA with existing hospital
systems ensures that it is easily accessible and
reliable. Furthermore it is important to use the
right foundation for data accuracy, security and
maintenance.

PLATFORM SELECTION

The infrastructure is based on the DataHub in-
frastructure as described in chapter 5.

HDP Connection

The dashboard connects to the Health Data Plat-
form through an SQL query, developed in colla-
boration with DataHub software engineers. This
enables extraction of only the necessary data
while complying with hospital data governance
policies.

Sas Viya

The decision to use SAS Viya Visual Analytics

as the development platform was made for a
few reasons. Firstly the ICU & Datahub already
use SAS Viya for other dashboards (ICU Maps &
the Respiration Dashboard), making it a proven
implementation path. Secondly, the DataHub'’s
expertise with SAS Viya ensures the right en-
vironment for maintenance of GERDA. Lastly the
already established connection with the HDP
simplifies data access.

While there are other platforms like Power Bl
(also used in other departments of the Erasmus
MC) and open source solutions that were consi-
dered, SAS Viya was the most practical software;

especially considering the project's implementa-
tion timeline and support requirements.

DATA PROCESSING

Gerda connects and processes data through a
pipeline from procurement records to actiona-
ble sustainability insights. This section outlines
the journey of the data through the system, il-
lustrate d with the example of disposable gloves,
the biggest hotspot (in usage numbers) at the
Erasmus MC's ICU.

The system integrates two primary sources:
Purchasing System (Oracle): Monthly procure-
ment data for all medical products
Environmental Dataset: Manually collected sus-
tainability metrics for product categories

3. Environmental calculations
Within the SAS Viya then calculations are
performed to derive the environmental
impact metrics, e.g:
a. Total weight of products = Amount orde-
red * Weight per unit
b. CO2 emissions = Total weight * CO2
equivalent factor

By use of filters that can be controlled by the
user of the dashboard, the system aggregates
these calculations across various dimension like
time period and product categories. Similarly it
can create a sum of or a total. This creates the
interactive visualisations presented by GERDA.

1. Data extraction :

The query returns records form the HDP g?;gizzy ﬁ‘;trlnkjl Month [ Amount
2 Lijkaet;neTr?rk?l:eh?ﬁent Hand- Micro-Touch

Next the data is enriched with environ- schoenen Nitra-Tex EP | JAN23 20500

mental metrics from the manually main- onderzoek of.large

tained environmental dataset like in Table Hand- Micro-Touch

7. Both datasets are joined on the ‘article schoenen Nitra-Tex EP  JAN23 44000

names’ as the identifier and create a com- onderzoek pf medium

plete record with both usage and environ-  Table 6: Data extraction

mental data.

Net Use agri-
Weight Carbon foot- cultural | Water

Category | Product per unit | print [CO2-eq ground use [m3
products | name (kg) / kgl [m2 / kgl |/ Kkg] Source:
Hand- Micro-Touch Metabolic 2019
schoenen | Nitra-Tex EP (disposable
onderzoek | pf large 0.003 9.31 092 0.48 | gloves)
Hand- Micro-Touch Metabolic 2019
schoenen | Nitra-Tex EP (disposable
onderzoek | pf medium 0.003 9.31 0.92 0.48 1 gloves)

Table 7: Data enrichment
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All data processing occurs within Erasmus MC's
secure environment. The access to the final
dashboard is granted per individual, through the
hospital's authentication system, guarantying
data safety.

8.3.2. DATA MANAGEMENT

Getting the architecture right is important to get
the tool running. However, the right data ma-
nagement is required for GERDA's reliability and
long-term operation. This section will outline the
procedures for maintaining data integrity, up-
dates, and the system governance.

DATA UPDATE PROCEDURES

Procurement Data

GERDA's procurement data is refreshed weekly
through the query, automated, so no manual
steps required. Monthly updates would be suf-
ficient for operational needs, but weekly cycles
ensure continuous data availability.
Environmental Data

The environmental dataset needs to be updated
manually, as it is not automatically updated by
query. A quarterly update cycle is suggested
where:

1. The datahub team sends a product inven-
tory list with the last updated list of en-
vironmental factors

2. The green team reviews the list to identify:

a. New products requiring environmental
factors

b. Existing products with either no or out-
dated environmental factors for which
new researched values are available
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3. Environmental factors are updated with
source documentation
4. The Datahub implements the updates

In this collaboration, the DataHub holds res-
ponsibility over the maintenance and the Green
Team'’s sustainability expertise is leveraged. The
citation of the environmental data’s source (e.g.
Metabolic, 2019) is important to maintain trans-
parency and scientific validity. The new filename
includes the latest update date to ensure versi-
on control.

DATA GOVERNANCE

Data governance is important to make sure
that the right rules, procedures and roles are
in place to make sure that GERDA's data stays
accurate and secure. It defines who can access
different types of data, how changes are imple-
mented and documented, and what measures
protect the quality of the data.

Access

Viewing access is only available to Green Team
members with their secure hospital authenti-
cation and provided by the DataHub software
engineer in control of GERDA.

The system architecture is maintained, and
accessible by the DataHub team only. The en-
vironmentl data can be edited only in quarterly
updates.

Quality assurance

There are a few mechanisms in please to ensure
GERDA's data quality. Firstly, missing values are
labelled as such, rather than defaulting to zero,
preventing misinterpretation. Next, calculations
and summed numbers are only visible when
complete data is available. At last, source docu-
mentation of all environmental factor makes it
verifiable by the Green Team.

Documentation

The GERDA introduction booklet serves as the
primary training resource. This document has
been user-tested and provides guidance on
following the sustainability workflow with GER-
DA, and not relying on data only, but gathering
information from the medical context is needed
to implement the right sustainable interventi-
ons. An additional explainer about the calculati-
on methodologies could still be added.

In governance, the balance between the need
for data quality, and the practical hospital reality
is balanced. This ensures that GERDA remains
reliable in an efficient way.



8.3.3. IMPLEMENTATION CHAL-
LENGES

With the development and efforts to implement
GERDA, several challenges were encountered.
Both technical and organizational challenges,
which are listed below.

TECHNICAL CHALLENGES

Environmental Data

A critical aspect of providing sustainable da-

ta-driven insights is the availability of reliable

sustainability data itself. The limited availability
of product-specific environmental impact data is

a big challenge to this project. For many me-

dical products, CO2 equivalent factors simply

don't exist. Another useful metric, the mass, is
also not readily provided by suppliers. This was
approached by:

*  Applying generic category-level environmen-
tal factors (for example, 1 value for all Injecti-
on needles) across the entire category, even
though in reality these values likely vary per
product.

*  Manually weighing items in the ICU gene-
rated mass values the top 25 categories of
medical products.

* Due to project scope constraints, there are
several external sources for Life Cycle As-
sessment (LCA) data, that have not been
looked into yet. These sources remain availa-
ble for future dashboard development to
enhance data completeness.

Data Mapping

Erasmus MC's medical product procurement
classification system was not designed with sus-
tainability in mind.

Firstly, the standardized AOC-coding system
used (Productinformatie | AOC-codering.nl, n.d.)
has some inconsistent categories. Some, like
‘Gloves Research’ contain similar items, while
others like ‘Blood collection system” contain
diverse products with different materials and
environmental impacts.

Secondly, regular tendering by the EMC leads to
frequent supplier and product changes, this re-
quires continuous reassessment of environmen-
tal values like weight and CO2-eq. factor. Finaly,
without standardized sustainability information
from manufacturers, matching products with
environmental values is done manually.

Platform

GERDA was developed with SAS Viya Visual
Analytics; a platform that offers advantages for
integration with the system, and an efficient way
of designing the dashboard. However it also
imposes some limitations. There are limited
user input options; preventing direct updates to
environmental factors by Green Team members,
or saving & exporting certain views. Additionally,
the visualizations are also restricted by platform
capabilities.

Data quality

Transparency and reliability of data-driven tools
in the ICU environment is crucial, as also men-
tioned in literature and this projects findings.
User testing of GERDA revealed that staff want
to see where each number comes from, high-
lighting the need for transparent data sources.
However, ensuring the reliability of the data

remains a challenge, there are some concerns

for reliability:

* The procurement data is not the same as
usage data, it's a close proximate. Howe-
ver, not exact, it is visible in the data that
high-volume ordering months are typically
followed by lower volumes.

* The applicability of environmental factors to
specific products has a certain uncertainty
level. Next to that, manual work on product
weighting and mapping can introduce mista-
kes or inconsistencies.

¢ Variations in data formatting and updates
over time require flexibility for adjustments;
for example, the AOC coding system mentio-
ned before, is recently implemented.

ORGANISATIONAL CHALLENGES

The development and implementation of GER-
DA required collaboration of not only the initial
stakeholders mentioned in the introduction.
Next to the technical support from the DataHub,
successful implementation also depended on
the input from the Procurement department
and the Health Data Platform team. Communi-
cation with these departments was challenging,
especially with the development of the query for
live data access, this process is still ongoing.

As the project was conducted by a masters
student, new to the Erasmus MC. Establishing
the necessary connections, gaining access to the
right software’s and understanding organisatio-
nal practices required some additional time and
effort.
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8.4. CAMPAIGN SOLUTION
IDEATION

While developing GERDA primarily focused on
the dashboard for Green Team use, a key rese-
arch question remained unanswered: which ty-
pes of environmental metrics would most effec-
tively communicate impact to general ICU staff?
This question directly addresses a gap identified
in the literature review, where limited evidence
exists on metric effectiveness in high-stakes
clinical environments.

It was decided with the chief sustainability offi-
cer in the Green Team to test different metrics
using their most successful intervention to date
- medical gloves reduction - as a case study. This
targeted testing would provide valuable insights
for future campaign development even as the
project’'s immediate focus remained on the
dashboard.

8.4.1. CONCEPT TESTING

The test plan explored four different ways of
communicating the intervention's impact. The
base metric was percentage reduction, which is
the standard measure used in ICU sustainability
reporting. To complement this, we tested three
additional metrics that relate to the reduction in
different ways:

1. Number of gloves reduced per patient day
(inventory) This value provides concrete
numbers that directly relate to daily ICU
work

2. Total yearly CO2-equivalent emissions sa-
ved (emission factor, Metabolic 2019). This
shows the broader environmental impact
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in measurable units
3. Environmental impact expressed as
equivalent number of trees per 10 years
(Greenhouse Gas Equivalencies Calculator
| US EPA, 2024). This aims to make the
impact more relatable by comparing it to
something familiar.
For the full test plan see Appendix G.
The test was conducted during the coffee break
at the ICU, with both Intensivists and nurses. In
total 13 people participated, both doctors (3)
and nurses (10).
The test used a poster that displayed all four
metrics together, see Figure 31.

HAN DSCHOENEN

* 1 60/0 Lekker bezig, ga zo door!

A. B. C.

Per ligdag: 7000 kg CO, Evenveel CO; be:

2019 108 bespaard in 116 bomen
2022 M 202 in 10 jaar

Mo Risk, Mo Glove Green Team [1C-Y

Figure 31: Poster Environmental Metric test



RESULTS AND INSIGHTS
The testing revealed varying responses to each
metric format, see Table 5 and Table 6:

Demotivating Neutral | Motivating
A |0 8 5
B |5 5 2
C |5 4 3

Table 8: Motivation results environmental metric

Not more Little more More aware
aware aware

A 0 8 5

B 5 5 2

C 5 4 3

Table 9: Awareness results environmental metric

Staff feedback provided some valuable back-
ground in conversation:

"Can you show the infection rates alongside the
glove reduction? | need to see both to understand
the full picture.”

Promoting environmental reduction alone, is

a one-sided approach that could benefit from
more medical context for more meaning to the
ICU staff.

While most staff preferred concrete, work-rela-
ted metrics, individual preferences varied signifi-
cantly. As one staff member noted:

"l always think about trees when | throw away pa-
per, so that comparison really resonates with me."

The result of this test are clear. A, the amount
of gloves per patient day is the most motivating
and aware-making metric to the ICU staff (n=13).
The other two metrics did not mean a lot to

the participants of this test, according to their
explanations. Those were hard to compare and
imagine metrics, too vague.

8.5. IMPLEMENTATION
8.5.1. ROADMAP

Building on feedback from user testing and
technical feasibility assessment, a structured
three-horizon approach was developed to guide
GERDA's evolution over time (Figure X). This
roadmap balances immediate functionality with
long-term ambition, ensuring sustainable deve-
lopment and adoption.

The roadmap visualizes development across
five key dimensions (Users, Data, Integration &
Infrastructure, User Experience, and Communi-
cation) through horizons spanning from concre-
te actions for fast implementation to long-term
vision ideas.

HORIZON 1: FOUNDATION & CORE PRODUCT

To get some sense of what this Roadmap is built

on, the context of steps on horizon one is ex-

plained:

The immediate focus is on establishing GERDA's

core functionality for the ICU Green Team, with

several concrete initiatives already underway:

* Completing the environmental dataset
The Green Team has begun systematically
weighing high-volume medical products to

expand mass data, while researching litera-
ture sources for additional emission factors.
For example, work has started on weighing
different types of syringes and mapping their
materials to develop more precise environ-
mental impact estimates.

* Live query connection
Collaboration with the DataHub is progres-
sing toward automating data retrieval, re-
placing the current manual export process.
A prototype query has been developed and
is undergoing security review before imple-
mentation.

* Data lineage transparency
User testing revealed strong demand for un-
derstanding data origins. In response, source
documentation for emission factors has
been standardized, with plans to incorpora-
te this information directly into dashboard
tooltips for immediate reference.

* Clinical context integration
The user test finding that staff requested
infection rate data alongside glove reducti-
on metrics has prompted development of a
framework for integrating clinical outcomes
with sustainability metrics. This ensures
interventions are evaluated holistically rather
than solely on environmental impact.

These first-phase initiatives focus on establis-
hing GERDA as a reliable decision support tool
for the Green Team while building the technical
infrastructure and data governance practices
needed for sustainable operation and future
expansion.
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8.5.2. SCALING CONSIDERATIONS

The development of GERDA provided valuable
insights that extend beyond the ICU context.
During this project, | also contributed knowledge
and data analysis expertise to a related initiative
for Zorg Instituut Nederland (ZIN), which focused
on standardizing sustainability data approa-
ches nationally. This experience, combined with
GERDA's implementation learnings, informs the
following considerations for scaling sustainability
monitoring across healthcare settings.

DEPARTMENTAL DIFFERENCES
Expanding GERDA beyond the ICU requires
adaptations for different clinical environments:

* Purchasing System Variations
Not every department has a centralized
purchasing system. Some collaborate with
others on procurement, making it significant-
ly harder to track department-specific data
or even impossible to disaggregate usage.
This fundamental data access challenge must
be addressed before implementation.

* Green Team Readiness
The Children's ICU represents an ideal next
implementation target due to their active
Green Team that has already requested col-
laboration. However, not every department
has an equally active or successful sustaina-
bility team. Some may require organizational
development support before a data-driven
tool would be effective.

* Operating Rooms
Higher material intensity with specialized
supplies requires additional environmental
factors and potentially different visualization

approaches, building on foundations like the
"Barometer Groene OK" initiative.

* Outpatient Settings
Lower resource use per patient but higher
patient volumes create different measure-
ment challenges, requiring per-visit rather
than per-day metrics.

CROSS-HOSPITAL IMPLEMENTATION REQUI-
REMENTS

For GERDA to scale nationally, as envisioned in
ZIN's sustainable data-driven care initiative, se-
veral critical elements must be established:

* Standardized Data Architecture
A common sustainability data platform

should begin with sharing environmental fac-

tors across institutions, reducing duplicate
research effort and building toward standar-
dized calculation methodologies.

* Sustainability Ontology Development
Building an ontology that extends existing
medical coding systems (like AOC) to inclu-
de sustainability dimensions would enable
meaningful cross-institutional comparisons
while respecting different clinical contexts.

* Centralized Governance
There is a clear need and gap for a single
coordinating entity to take responsibility for
sustainability data standards. Without this
central authority, fragmented approaches
will likely continue, limiting the potential for
meaningful benchmarking.

The recommendations presented in the road-
map and scaling considerations transform GER-

DA from a department-specific tool to a poten-
tial component in Dutch healthcare's broader
sustainability infrastructure. By addressing stan-
dardization needs while respecting institutional
differences, GERDA's approach can contribute
to both local environmental impact reduction
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8.5. KEY TAKEAWAYS

GERDA's technical architecture successfully
integrates procurement data with environ-
mental metrics through a four-stage process:
data extraction, enrichment, environmental
calculations, and interactive aggregation

The data management framework establis-
hes sustainable governance practices with
weekly automated procurement updates and
quarterly environmental data reviews, balan-
cing rigor with practical hospital realities.
Implementation revealed critical challenges
including limited product-specific environ-
mental data availability, procurement classi-
fication systems not designed for sustaina-
bility tracking, and platform constraints that
influenced the final solution.

The three-horizon roadmap provides a struc-
tured path forward, with immediate plans for
data enrichment and query automation, me-
dium-term expansion to additional emission
sources and departments, and long-term
vision for hospital-wide integration.

Concrete testing with ICU staff demonstrated
that product-specific metrics (like gloves per
patient day) are significantly more effective
for communication than abstract environ-
mental measures, informing future campaign
development.

Scaling considerations identified specific de-
partmental differences (purchasing systems,
Green Team readiness) and cross-hospital
requirements (standardized data architectu-
re, ontology development, centralized go-
vernance) that must be addressed for wider
implementation.



9. Discussion

This chapter connects the findings of this research back to the literature, discusses theoretical
contributions and practical implications, acknowledges limitations, and suggests directions for fu-
ture research.This research addressed the challenge of designing a data-driven sustainability tool
for the Erasmus MC ICU, focusing on the question:

“How can a data-driven decision support tool be designed to enable ICU staff to reduce environmental
impact?”

9.1. Connection to Literature
9.2. Limitations and Future Research
9.3. Practical Implications

9.4. NCSRELCEWENTS



9.1. CONNECTIONS TO LITE-
RATURE

The findings both confirm existing literature and
provide new insights across three domains:

DATA-DRIVEN DECISION SUPPORT IN

HEALTHCARE

. GERDA's design process addressed the cogni-
tive overload concerns identified by Stead et al.
(2010) by carefully balancing information density
with usability. The implementation challenges
encountered regarding data quality and trust
echo Carra et al.'s (2020) observations, reinfor-
cing the importance of transparent data sources
for clinical environments.

New insights include the identification of a peo-
ple-focused culture in the ICU that influences
how data tools are received—suggesting that
technical solutions must be balanced with per-
sonal approaches in healthcare environments.

SUSTAINABILITY MONITORING IN HEALTH-
CARE

This project confirms Collins & Demorest's
(2022) findings regarding standardization chal-
lenges in sustainability monitoring. However, it
extends their work by demonstrating that fo-
cused environmental monitoring can be imple-
mented even with incomplete data by prioriti-
zing high-impact areas like medical products.
The research reveals that procurement data,
while imperfect, can serve as a valuable proxy
for usage when direct measurement is imprac-
tical—an insight not prominently discussed in
existing literature on healthcare sustainability
monitoring.
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MOTIVATING SUSTAINABLE BEHAVIOUR
The user testing of sustainability metrics pro-
vided important new insights into effective
communication strategies. While the literature
suggests various behavioral change approaches
(Michie et al., 2011), this research found that
ICU staff respond most positively to concrete,
work-related metrics (gloves per patient day) ra-
ther than abstract environmental measures—a
critical consideration for future intervention
design.

This finding extends Kalogirou et al.'s (2021)
work on barriers to sustainable healthcare
practices by demonstrating that communication
strategies must be tailored to clinical contexts,
with staff preferring metrics directly related to
their daily practice.

9.2. LIMITATIONS AND FUTU-
RE RESEARCH

Several limitations should be acknowledged.
First, the study was conducted at a single in-
stitution with a small sample of participants,
potentially limiting generalizability. Second, data
availability constraints, particularly regarding
environmental impact factors for specific medi-
cal products, necessitated using category-level
estimations that reduce precision.

Technical limitations of the SAS Viya platform
restricted some desired functionality, including
direct user updates to environmental factors
and customizable export options. Additionally,
the focus on the Green Team as primary users
means that engagement strategies for general
ICU staff were not fully developed.

Future research could explore:

* Standardized sustainability metrics across
healthcare institutions

* Integration of clinical outcomes with environ-
mental metrics

* Effective motivation strategies for healthcare
staff balancing clinical and environmental
priorities

9.3. PRACTICAL IMPLICATIONS

This research demonstrates that effective sus-

tainability monitoring in healthcare requires:

1. Integration with established clinical work-
flows.

2. Transparent data sources and calculation
methods to build trust

3. Focus on specific, actionable product-level
data rather than general categories

4. Recognition of clinical priorities alongside
environmental goals

The roadmap and scaling considerations pro-

vided in Chapter 8 offer concrete guidance for

extending this approach to other departments

and institutions, contributing to the broader

goal of standardized sustainability monitoring in

Dutch healthcare.

This work represents a step toward Erasmus

MC's ambitious sustainability targets while offe-

ring valuable insights for the healthcare sector's

transition toward more sustainable practices.

By bridging the gap between environmental data

and the practice in the ICU Green Team, GERDA

demonstrates how data-driven approaches can

support sustainability progress at the ICU; Data

in Action.



9.4. KEY TAKEAWAYS

This research bridges theory and practice

by addressing identified literature gaps in
healthcare sustainability monitoring through
GERDA, demonstrating how data-driven tools
can effectively support environmental impact
reduction while respecting clinical priorities.
While GERDA successfully integrates auto-
mated data collection with the Green Team's
workflow, limitations in environmental data
standardization and platform flexibility high-
light the need for broader healthcare indus-
try collaboration on sustainability metrics.
Practical testing revealed that concrete
metrics directly related to clinical work (like
gloves per patient day) are more effective
for staff engagement than abstract environ-
mental measures, providing valuable insights
for future sustainability communication in
healthcare settings.




PERSONAL REFLECTION

This project at Erasmus MC expanded my per-
spective on sustainability and systemic change
in significant ways. Coming from the energy
transition field, | expected some comlexity and
definitely found it; balancing environmental
goals with the importance of patient care while
also dealing data limitations.

Working in a large hospital's organizational
structure proved challenging. Connecting with
the right people and accessing appropriate data
was more difficult than anticipated.

Another significant challenge was balancing

the practical needs of my client at Erasmus MC
with the academic requirements of my thesis.
The hospital needed an immediately useful tool
while the university expected theoretical depth
and academic rigor. Finding the sweet spot
between practical implementation and academic
contribution required careful navigation and
sometimes compromise. If | were to start over, |
would use more visual communication earlier in
the process to bridge gaps and clarify complex
concepts.

This experience of writing a thesis and being
part of the DataHub changed my perception of
research from something dry to something valu-
able, though still challenging to execute well.

On a personal level, this project built my confi-
dence in working among specialized professi-
onals and taught me to balance in trusting my
perspective as a designer while respecting do-
main expertise. Green team members commen-
ted that the Gerda information booklet was very
user-friendly, it confirmed that bringing design
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thinking to healthcare technology makes a me-
aningful difference. | think that often healthcare
tools are developed without sufficient conside-
ration for care paths or user perspectives.

As | continue implementing GERDA more broad-
ly across Erasmus MC, | hope to be better equi-
ped to tackle the complex systemic challenges
and always design for human needs. | look
forward to the next steps!
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