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1  Introduction
The use of digital technologies, robotics, and artificial intelligence (AI) in the care sec-
tor is the subject of ongoing political, social, and public debate [10, 29, 45]. However, 
digitalisation is seen as an opportunity to overcome the challenges in the care sector, 
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which include the general challenges of climate change, demographic change, an ageing 
society, staff shortages and the increasing number of people in need of care, [27]. The 
term digitalisation encompasses the broad field of robotics, technical assistance systems, 
wearables, tracking systems as well as electronic documentation and planning. AI, in the 
form of automated machine learning, can support various systems [68].

The different segments of the German care system are all affected by the challenges. 
The care sector in Germany is part of the healthcare system and comprises inpatient, 
day-care, and outpatient services [65]. Each area includes both short-term and long-
term care. The outpatient sector is also subdivided into professional care and relative 
carers [65]. The care setting, regardless of whether inpatient or outpatient, long-term or 
short-term, is directly related to or dependent on other areas of the healthcare system, 
such as the medical sector, pharmacies and suppliers [7].

For the general healthcare sector, ESG criteria and current technological developments 
are already in use to achieve sustainability [61]. Environmental (E) sustainability, social 
(S) responsibility, and effective corporate governance (G) are essential components of 
sustainable development in care [30]. From an economic perspective, it is also necessary 
to address the challenges of sustainable management in the care sector [46, 62].

1.1  Background

The areas of application for the use of modern technologies in care can be divided into 
the categories of digitalisation, artificial intelligence, technical assistance systems, telec-
are and (social) robots [17].

Digitalisation is defined by the automated conversion of analogue data in whole or in 
part into a digital model of reality and the term ‘digitisation’ is used when analogue ser-
vice provision is replaced in whole or in part by service provision in a digital, computer-
manageable model [71].

Artificial intelligence (AI) can, to a certain extent, act independently of human inter-
vention [25].One characteristic of AI is the ability to derive models, algorithms or both 
from input or data [25]. AI is typically based on neural networks, including machine 
learning and supervised machine learning [70]. It is also machine-based and is either 
physically integrated into a product or serves the function of the product without being 
integrated into it [25].

Technical assistance systems in care are support systems such as sensor mats, lifters, 
intelligent floors and electronic pill dispensers and can be used to support nursing care 
[33].

Telecare offers the opportunity to visit patients in their familiar setting via networked 
tele-robots, smartphones or tablets and to provide them with nursing advice and sup-
port [31].

Robots are designed to take over human labour and facilitate work processes [3]. 
They can also change their location and move three-dimensionally in space. They are 
called care robots when they support or take over care services [6]. Social robots are 
characterised by the fact that they interact with humans and react to human behaviour. 
These robots are offered in animal, mythical creature or anthropomorphic form and are 
designed to promote interaction, communication, community and connection [43].
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1.2  Objectives and research questions

The aim of this thesis is to present the effects of digitalisation on the sustainability of 
care, the future technical possibilities for supporting care through digitalisation and the 
opportunities and risks involved.

2  Research questions:

 	– What impact does the use of modern technologies have on the sustainability of care 
in terms of the ESG?

 	– What opportunities and risks related to ESG can be expected in the care sector as a 
result of digitalisation?

3  Method
To answer the research question, a comparative analysis was chosen as the method for 
the theoretical work. This analysis compares the areas of ESG, digitalisation, and care 
settings with all its supply variations, and develops a theoretical model [20]. A system-
atic literature search was carried out in advance of the comparative analysis to form the 
basis for the theoretical work. The search strategy was aiming to retrieve as many rel-
evant results as possible [37]. The literature search (Table 1), which was carried out in 
advance of this work, using the identified keywords ‘artificial intelligence’, ‘digitalisation’, 
‘robotics’, ‘care’, ‘health’, ‘sustainability’, and ‘ESG’ in various combinations and synonyms, 
connected by the Boolean operators AND and OR [13], was conducted in OPAC and 
concluded in PubMed, SpringerLink and CINAHL databases. In addition, a search was 
carried out on the Internet using the search engines Google and Google Scholar as well 
as a manual search.

The study included full-text publications from the last 10 years, comprising scientific 
articles and reports by organisations in the field of care and technology. The exclusion 
criteria were publications unrelated to care or sustainability and purely technical studies 

Table 1  Literature research
Date of search 12.11.24
Via OPAC: full text only, last 10 years, languages German and English

Sustainability 329.760

sustainability OR Nachhaltigkeit 340.654

(sustainability OR Nachhaltigkeit) AND ESG 2.321

((sustainability OR Nachhaltigkeit) AND ESG) AND Health* 107

After abstract reviewing n = 58

After full text reviewing n = 28

artificial intelligence or ai or a.i. or machine learning or deep learning 722.019

artificial intelligence or ai or a.i. or machine learning or deep learning or robotic or digitalisation 725.088

(artificial intelligence or ai or a.i. or machine learning or deep learning or robotic or digitalisation) and ESG 231

((artificial intelligence or ai or a.i. or machine learning or deep learning or or robotic or digitalisation) and ESG) 
and health* 18

After abstract reviewing: n = 7

After full text reviewing n = 7

Additional:

Internet research:

Laws an guidelines n = 5

Internet, sources n = 18

Manual search:

Books n = 7
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unrelated to ESG. The identified literature was also examined using the snowball method 
to find additional relevant sources [13]. Studies that were not relevant to the care setting 
were excluded. The tabular presentation of the detected literature can be seen in Table 2 
below.

Studies were included that primarily addressed nursing and care topics or contained 
a high proportion of caring-related content. Furthermore, the studies had to focus on 
sustainability and ESG aspects in this context and consider the use of digitalization or 
technical systems that support nursing practice. A prerequisite for inclusion was the 
availability of the full text in German or English. Studies whose research design or con-
tent did not align with the defined research question were excluded.

In order to capture care as an integral part of the German healthcare system and to 
illustrate the importance of digital technologies for improving sustainability perfor-
mance in this cross-sectoral industry, this paper includes the entire care sector in its 
analysis, including clinical, inpatient, outpatient, rehabilitative and palliative care, as well 
as preventive services [54]. It examines the opportunities and risks of digitalisation, tak-
ing into account the specific effects of climate change, demographic change, the shortage 

Table 2  Tabular presentation of the detected literature
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of skilled workers and the growing number of people in need of care in the individual 
areas of care.

In order to comprehensively assess the opportunities and risks of digital technologies 
in the ESG context, different areas of care were included in the analysis. The selection is 
based on the particular relevance of these areas to ESG criteria, as they differ in terms of 
their environmental footprint, social requirements such as working conditions, quality 
of care and the needs of the target group, as well as their specific regulatory framework 
with regard to governance, data protection and interoperability.

This methodological approach enables a holistic assessment of the sustainability 
impacts of digital technologies. By taking industry-specific differences into account, 
both potentials and risks are precisely identified and systematically classified along the 
ESG dimensions.

As a result, digital technologies, technical assistance systems, robotics and artificial 
intelligence (AI) are considered along the ESG criteria [46]. The results are presented 
graphically in circular models, illustrating the intersections among the three main pillars 
of sustainability: E, S, and G [24].

In the next step, the results will be discussed according to the topics of digitalisa-
tion, AI, technical assistance systems, telecare and robotic systems and translated into a 
three-dimensional model for assessing the opportunities and risks associated with ESG 
and digitalisation in the care sector.

4  Results
ESG guidelines, as a framework for companies, define environmental sustainability, 
social responsibility, and good corporate governance more concretely and are intended 
to support the development of more sustainable and socially acceptable business models 
([46]. The impact effects of digitalisation, AI and robotics on the sustainability of care in 
terms of the ESG criteria are presented below.

4.1  Impact of digital technologies on environmental sustainability

The aspect of the environment (E) is considered from two directions in the context of 
digitalisation in care, from the perspective of global warming and climate change and 
from the perspective of the effects on human health [51, 55]. The health-related effects 
include stress due to overheating, exhaustion and circulatory stress, increased allergies, 
but also the increase in infectious diseases new to our latitudes and their transmission 
routes [50, 52, 55, 58]. Climate change and environmental aspects include greenhouse 
gas (GHG) emissions, energy and resource consumption, water consumption, waste 
generated and drug administration [46].

Around 42% of the GHG footprint of the German healthcare system is attributable to 
the areas in which nursing care is involved. Of this, 36% is attributable to the day-care 
and inpatient sector and 6% to outpatient care [7]. By incorporating digital technologies, 
technical assistance systems, robotics and AI, a fundamental transformation of the sys-
tem is to be driven forward in order to reduce both the negative impact on human health 
and the climate footprint [12].

The global climate footprint of the care system can be categorised under Scope 1, 2, 
and 3 [34]. Scope 1 comprises locally burnt solid and fossil fuels, Scope 2 electricity, 
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steam, heating and cooling purchased from energy suppliers and Scope 3 emissions out-
side the company’s sphere of influence, such as via supply chains [7].

4.1.1  Scope 1: Locally burnt solid and fossil fuels

With an average of 7.4  tonnes of CO2 emissions per care place per year, care facilities 
alone offer considerable climate protection potential and could save around 15% or 1.1 
tonnes of CO2 per place through energy-saving measures [11]. Comprehensive digital 
recording of data on energy requirements and the buildings in which care takes place 
can use AI-supported networking and statistics to identify potential energy savings and 
help prioritise their implementation. Based on this data, targeted savings could be made 
by refurbishing buildings and reducing or even eliminating the use of solid and fossil 
fuels burnt on site [69]. AI-supported temperature control can increase those savings. 
Since the cost bearers do not currently classify energy refurbishment as an operationally 
prioritised necessity, there are currently financial obstacles to the necessary investment 
measures [18]. These measures would be necessary due to the indirect effects on the 
health of staff and care recipients, such as stress caused by overheating, exhaustion and 
circulatory strain [46].

In the German healthcare sector, a more climate-friendly nutrition and energy supply 
as well as efficient travel routes for staff and patients could save over 900,000 tonnes of 
CO2 per year [11].

In outpatient care services, the use of telecare to support care via networked technical 
systems such as robots, social robots, smartphones or tablets can be offered and help 
to save on travelling distances to care recipients and act independently of location [31]. 
Care visits and consultations can thus be carried out online and conveniently from home 
[53]. In addition, even in structurally weak areas with long distances, targeted care con-
tact is possible without long journeys [31].

4.1.2  Scope 2: Power purchased from energy suppliers

Digital and intelligent technical solutions help to save energy locally, regardless of 
energy-efficient user behaviour. This includes smart electricity grids as well as the instal-
lation of energy-saving appliances, automatic heating controllers, energy-saving lighting 
concepts such as daylight-dependent lighting, the use of LED lighting or motion detec-
tors [18]. Intelligent water supply systems check water pipes for leaks and unnecessary 
water flows can be detected [18].

The switch to digital documentation saves paper, which has an impact on both pro-
duction and disposal [18].

AI-optimised waste management and optimisation of recycling are important for the 
aspect of waste separation, waste incineration and the amount of waste generated in the 
healthcare system [9].

Intelligent handling of medication orders with a view to expiry as well as reducing the 
consumption of disinfectants and cleaning agents is necessary for environmental protec-
tion reasons [9].

4.1.3  Scope 3: Emissions outside the company’s sphere of influence

Disruptions in the global supply chain can delay the delivery of critical raw materials, 
driving up energy consumption and costs [48]. Such disruptions are often due to ESG 
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regulations rather than geological or spatial scarcity [48]. AI-controlled material pro-
curement, ordering, warehousing and supply chains can save and optimise transport 
routes and reduce the need for storage [44]. The application of geospatial risk mapping 
c a central problem with digitalisation in care is data protectionould help care facilities 
to systematically consider social and environmental standards in procurement to ensure 
both quality and ethical accountability [48].

Resource planning and internal hospital logistics are key factors for the smooth run-
ning of patient care [44]. However, currently used scheduling systems reach their limits, 
especially in the event of resource bottlenecks or complex, time-critical requirements 
[44]. Therefore, it is necessary to secure the continuous supply and delivery of medicines 
and disinfectants [9]. AI will enable flexible and adaptive control through machine learn-
ing and data-based decision-making processes and thus shorten transport, waiting and 
handover times, ensure patient care and relieve the burden on nursing staff [44].

Graphical representation of the impact of digital technologies on environmental sus-
tainability in the care sector in Fig. 1:

4.2  Impact of digital technologies on social conditions

Social (S) sustainability is important the perspectives of different stakeholders and 
includes the topics of employee orientation and promotion, respecting the interests 
of stakeholders, promoting diversity and inclusion, ensuring safety in the workplace, 

Fig. 1  Impact of digital technologies on environmental sustainability in care (Source own presentation)
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respecting human rights and promoting positive customer relations [2, 46]. Employees, 
patients, relatives, suppliers and society are seen as stakeholders for whom digitalisa-
tion, robotics and AI offer considerable potential for improving working conditions and 
care provision [27, 59]. The use of these technical systems is intended to optimise care 
processes, facilitate documentation, make business practices transparent and ethical, 
improve the quality of care, increase patient safety and reduce the workload of nursing 
staff [46].

4.2.1  Sustainable optimisation of care and self-determined life

The targeted use of digitalisation, such as healthcare apps or wearables, tracking or 
robotic systems, can improve patient care and safety as well as working conditions in 
the sense of smart organisation or smart home [16, 47, 53]. Health apps, wearables or 
tracking systems are seen as supportive tools in the care sector due to the possibility of 
simplified recording of vital parameters, patient data or location, and can serve patient 
safety by transmitting and documenting the measured data to a health service for remote 
monitoring [60]. Sensor mats recognise movement patterns, smart floors register and 
report falls and electronic pill dispensers remind patients to take their medication and 
administer the correct dosage. Patient-related emergency call bracelets, motion detec-
tors, GPS signals and alarm sensors on doors support mobility, independence and the 
execution of movements [33]. An alarm can be triggered in the event of danger by press-
ing an emergency call button or is automatically activated when an area defined as a 
protective environment is left [60].

4.2.2  Improving working conditions

There are numerous approaches to improving working conditions in the care sector. The 
often-criticised framework conditions include working hours, shift work, physical and 
mental stress, unreliability in leisure time planning, unclear responsibilities, and limited 
opportunities for further development [2, 4].

The targeted use of AI, technical assistance systems, digitalisation and robotics can 
improve these framework conditions and relieve nursing staff of physically repetitive 
and administrative tasks [31]. Relief in physically demanding work can be provided by 
exoskeletons, lifts or transport robots, for example, while administrative, repetitive and 
interactive tasks can be performed by AI, social robots, or combinations of these. Moni-
toring activities, in turn, can be handled by technical assistance systems and wearables 
[32, 42, 43, 60, 64, 67].

Digital technologies and AI offer opportunities for information processing, documen-
tation, organisation and communication in nursing [44]. They can increase efficiency, 
effectiveness and quality by sorting, coordinating and improving workflows as well as 
creating synergy effects [27]. With networked documentation and verified access to 
patient data, time can be used for patient care instead of multiple documentation. This 
increase in efficiency can be achieved through electronic patient records and AI-sup-
ported tools if they ensure fast, complete and secure availability of patient data [27].

4.2.3  Transparent procedures, quality of care and ethical perspective

Synergy effects through information transparency and changes to work processes and 
organisation can lead to more efficient workflows. Digital technologies, which can be 
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used in information processing, documentation, organisation, networking and commu-
nication in care in a variety of contexts to increase efficiency, effectiveness and quality, 
influence the professional image and self-image of nursing staff [27]. When using these 
technologies, the focus must be on high-quality care, which is based on complex, situ-
ational decisions based on the individual life situation and personal needs of those in 
need of care. Digitalisation should support care professionals without replacing them 
[72]. The use of technical systems also requires technical expertise and continuous train-
ing in order to ensure patient safety and high-quality, patient-centred care [19, 27]. An 
ethically reflected and structured implementation of the new technology is also impor-
tant in order to discuss possible undesirable consequences in advance in a solution-ori-
ented manner [49].

Graphical representation of the impact of digital technologies on social conditions in 
the care sector in Fig. 2:

4.3  Influence of digitalisation on governance structures

Governance (G) ensures accountability and integrity and helps to meet legal require-
ments, mitigate reputational risks and recognize changing consumer preferences at an 
early stage [46]. Governance in the sense of good leadership in nursing strengthens the 
independence of the professional group and places emphasis on nursing-specific organ-
isational, control, regulatory and financing logics when using digital technologies [26]. 

Fig. 2  Impact of digital technologies on social working conditions in care (Source own presentation)

 



Page 10 of 24Zöllner et al. Discover Sustainability           (2026) 7:584 

The use of digital technology can support management in improving the working and 
framework conditions for nursing staff by using technology to reduce workload, coun-
teract stress and reduce bureaucracy [38]. In combination with AI, adapted to the needs 
of nursing practice, the performance of human experts can be supported, possibly even 
surpassed, and processes can be made more efficient [68].

4.3.1  Organisational processes and more efficient planning at the strategic level

Technical support for the care of an ageing society requires, among other things, con-
stant or reliable legal and institutional framework conditions as well as technical and 
structural prerequisites such as the implementation of standards and norms to improve 
interoperability and the expansion of powerful and secure broadband connections as 
well as the training and further education of nursing staff in digitalisation skills [27]. In 
order to implement future-oriented and sustainable solutions in the healthcare sector in 
relation to functioning digitalisation, innovative management must be open to digitalisa-
tion and drive forward the infrastructure and database for efficient application.

In the organisational area, AI can optimise the organisation of work, the creation of 
duty rosters and the planning of bed occupancy and thus both save costs and relieve 
management by supporting planning and decision-making [56]. Transparent data man-
agement and better traceability of workflows improve the transparency of processes 
and decisions [44]. Digital technologies open up enormous potential by increasing the 
efficiency of administrative processes, supporting their documentation and helping to 
reduce the consumption of resources, with the possibility of reducing CO2 emissions 
[11].

The integrity of the organisation is linked to data protection, which is considered a 
central element of a digital healthcare organisation. Careful handling of sensitive data 
must be guaranteed. In Germany, compliance with the GDPR (General Data Protection 
Regulation) and other guidelines ensure the confidentiality and security of healthcare 
data [21]. Both employees and patients must be able to rely on this.

4.3.2  Support of care documentation at the operational level

The documentation of nursing actions, which is the responsibility of operational staff, is 
listed in the Nursing Professions Act as a professional obligation. It serves to ensure the 
seamless transfer of information in the sense of high-quality, safe, comprehensible and 
controllable patient care by recording as completely as possible in writing which mea-
sures of the nursing process, including the individual steps as well as observations, spe-
cial features and changes, were planned and carried out [54]. The German Social Code 
(SGB V) also requires this quality assurance in the form of documentation in Section 
137 [5]. A standardised, networked, easy-to-use and data protection-compliant docu-
mentation system can relieve the burden on staff.

Electronic documentation serves to ensure the seamless transfer of information dur-
ing the creation and implementation of care planning, thereby guaranteeing patient 
safety through high-quality care [66]. AI can help to increase efficiency and reduce the 
workload of nursing staff by using dictation software or speech recognition to support 
the planning of nursing tasks, increase the efficiency and quality of documentation 
and ensure the traceability of nursing actions [17]. In addition to avoiding duplicate 
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documentation, patient safety is also ensured by seamless nursing documentation, as 
weak points in the supply chain can be recognised more quickly [44].

4.3.3  Effective discharge management for the user level

Effective personalised information and data transfer is necessary to ensure that care 
recipients continue to receive good care when they change facilities. Effective discharge 
management is mandatory for hospitals in accordance with Section 39 (1a) of the fifth 
Book of the German Social Code (SGB V) in order to ensure the transition to follow-up 
care and avoid gaps in care due to missing or uncoordinated follow-up treatment [5]. 
When changing care facility, the targeted use of AI and digitalisation can support com-
pliance with this legal requirement [44].

Successful transition and discharge management, in which health-related data is net-
worked and seamless care is ensured, can counteract re-hospitalisation also referred to 
as ‘the revolving door effect’ and thus ensure safety and continuity of care for care recipi-
ents, avoid unnecessary hospital stays and thus save costs for the healthcare system [17].

Graphical representation of the impact of digital technologies on governance struc-
tures in the care sector in Fig. 3:

For a summary overview of the results, Figs. 1–3 are summarised in the Table 3 below.

Fig. 3  Influence of digitalisation on governance structures in care (Source own presentation)
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5  Discussion
From 2025, mandatory documentation of organisations will be introduced in accordance 
with the Corporate Sustainability Reporting Directive—CSRD [41]. In order to meet the 
content of this obligation, the targeted use of digital technologies can help to improve 
sustainability in the care sector. Sustainable care based on ESG criteria can be priori-
tized by employees, care recipients and political decision-makers [22].

Figure 4 below shows the house of sustainability in care with reference to digitalisa-
tion. Care with its various areas of hospital care, partial and residential care, prevention 
and rehabilitation care and outpatient care, is the foundation. Pillars E, S and G support 
the roof of sustainability with the help of digital technologies and AI.

The opportunities and risks of using ESG are discussed below along the lines of digital-
isation, AI, technical assistance systems, and robotics. The roof of the house was supple-
mented with digitalisation to illustrate the important role that digitalisation plays in the 
sustainability system.

5.1  Digitalisation and sustainability in care

Digitalisation plays a role in the sustainability of care in all areas of long-term and short-
term care and also has an impact on the environment as well as on social and gover-
nance-related aspects. Digitalisation in care is based on patient-related data and replaces 
analogue service provision partially or fully with a with a digitally controlled model [71]. 
The process of switching from analogue to digital is an ongoing process and was adopted 
by the Bundestag on December 14, 2023 with the Digital Act [8]. At the same time, the 

Table 3  Influence of digitalisation on ESG-structures in care (Source: own presentation)
Savings on travelling

Locally burnt fuels Climate-friendly

Climate-friendly edifice

-E- Save energy

Environmental Supplied energy Water Management

Waste management

Optimisation of supply chains

Independent emissions Reducing of CO2 Footprint

Optimised Logistics,Warehousing

Framework conditions

Working conditions Physically tasks

Repetitive administrative tasks

-S- Patient safety

Social Self-defined life Patient database

Smart Home

Ethical approach

Quality of care Data networking

Education and experience

Ensuring patient safety

User level Complete exchange of information

Networking

-G- Work organisation

Governance Strategic level Data management

Financial management

Reduction of documentation

Operative level Effective information transfer

Fulfilment of legal requirements
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Health Data Utilization Act was also passed with the aim of using digital solutions to 
improve everyday healthcare and research opportunities in Germany [8]. Nevertheless, a 
central problem with digitalisation in care is data protection [10]. AI collects, processes 
and networks data, whereby it must be noted that incorrect training data may lead to 
inequalities in data-based decisions or that some patient groups may not be taken into 
account [56]. In environmental terms, telecare offers the opportunity to visit patients.

virtually via networked tele-robots, smartphones or tablets in their home.
environment and to save on travel distances and thus CO2 The sensitivity of health 

data requires careful handling and strict compliance with the GDPR [21]. Breaches or 
security gaps could significantly undermine trust in digital systems.

5.2  AI and sustainability in care

Artificial intelligence (AI) also plays a role in the sustainability of care in all areas of long-
term and short-term care and has an impact on the environment as well as on social 
and governance-related aspects. To a certain extent, it can act independently of human 
intervention, which can enhance sustainability-related processes [25].

In terms of the environment, AI can serve to reduce the carbon footprint of care inde-
pendently of human intervention by collecting and aggregating data [34]. Environmental 
sustainability is seen as important in annual climate conferences and globally [14]. There 
is a societal expectation that every institution, whether short or long-term care, should 
do its part to reduce global emissions. The issue is particularly important as Germany, 
with 5.2% of global CO2 emissions, is 1.8% above the global average [34]. At 6.1%, the 
German healthcare sector is also in the high range worldwide. The care sector is active 
in areas that account for 42% of this 6.1% [7].

There is potential for carbon dioxide (CO2) savings, particularly in energy supply and 
building refurbishment [18]. AI-supported systems can be used for the sustainability of 
buildings in care facilities by generating data about them, combining the measured room 
values and then identifying and proposing improvements. However, the resulting nec-
essary measures such as energy-efficient refurbishments, intelligent waste management 

Fig. 4  House of sustainability in care including digitalisation (Source own presentation calculated according to 
Erchinger (2022) based on the structure of sustainable corporate management)
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or optimised water supply systems are expensive and not refinanced, as these refur-
bishment measures are not recognized as operationally necessary by the funders [18]. 
Energy-saving devices required for process optimisation, such as LED lighting, are also 
unclear in terms of funding [9, 18]. Although the opportunities for improvement are 
recognized and can be addressed in a targeted manner via the AI-networked data, the 
unclear refinancing is an obstacle to implementation.

Another aspect related to the environment is the CO2 impact of supply chains. AI-
based logistics can optimise supply chains and transport for care and significantly reduce 
the resulting emissions [44]. In connection with this, the AI-based solution enables more 
sustainable material procurement and optimised warehousing. This contributes not only 
to reducing emissions but also to conserving resources [44]. However, complex logistics 
solutions can reach their limits when resources are scarce, be it for the delivery of laun-
dry, dressing materials or medicines [23]. From a social perspective, a lack of materials 
can put care recipients at risk. When resources are scarce, professionally judged deci-
sions must be made after careful consideration of care planning, and responsibility must 
be assumed for these decisions, which cannot be taken over by an AI.

More climate-friendly commuting by car sharing or car pools can be coordinated and 
offered in a targeted manner via AI and significantly reduce emissions [9]. At this point, 
it should also be discussed whether the CO2 consumption of the computing power of the 
AI is in proportion to the CO2 savings [57]. Technology-independent offers such as cost 
coverage as incentives for public transport must be compared with digital options. In the 
case of digital options, there is also the fact that employees have to provide data relating 
to their place of residence and duty roster for this service, which could create new prob-
lems through data misuse and security risks such as data leaks.

Overall, the high energy requirements of digital technologies can negate or even 
exceed the savings achieved [57]. It should also be noted that AI is added to the system 
and requires energy in the form of computing power for each process [25]. From an ethi-
cal point of view, this must be taken into account in terms of intergenerational justice 
with regard to environmental damage and work efficiency benefits [63].

On a social level, AI can contribute to improving the independence, safety and social 
contacts of people with disabilities in terms of self-determined living [1]. To this end, AI 
collects, processes and networks data, whereby it must be noted that incorrect training 
data may lead to inequalities in data-based decisions or that some patient groups may 
not be taken into account. AI algorithms are only as good as their programmers [56]. 
Artificial intelligence (AI) has the potential to transfer the values of its creators, investors 
or users to society and the people it affects [73]. However, the intentions of developers 
and investors may diverge from the values of users or society, and users may use technol-
ogies unexpectedly or without authorization. Data leaks or cyber-attacks can jeopardize 
safety and severely impact patient and employee trust. A dynamic process for adapting 
AI systems is essential to ensure they align with society’s safety, values and needs [73]. 
The transparency of data use, the quality and selection of training data including deci-
sion algorithms and the ethical dimensions of participation and equity of access should 
be transparently presented and ethically considered [49].

At the governance level, the use of AI is possible for nursing staff as users for the com-
plete exchange of patient-related information and networking of professional groups to 
ensure patient safety [72]. The legal requirements must always be complied with and the 
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use of AI is characterized by restrictions such as limited data access and a lack of data 
diversity, which can impair the reliability of AI decisions in sensitive care contexts [68]. 
In Germany, for example, legal regulations in the healthcare sector require parallel data 
infrastructures to be created, with the result that the health and personal data required 
for AI is often not available or not available in combination [21, 28, 56]. This legal frame-
work must be reviewed and modified, particularly with regard to the availability of data 
relevant to nursing care and research, so that the development and operation of a mod-
ern, standardised database in the care sector is permitted and practicable.

5.3  Telecare and sustainability in care

In environmental terms, telecare offers the opportunity to visit patients virtually via net-
worked tele-robots, smartphones or tablets in their home environment and to save on 
travel distances and thus CO2 [31, 55]. In addition, at the governance level, the telecare 
offer strategically changes the organization of work and on a social level, it influences the 
organisation of working hours and the place of work. By saving travel time and working 
from any location, the shortage of nursing staff can be counteracted at the governance 
level and patient care can be ensured [31]. On the other hand, there is personal contact 
with people. Human contact, conversation and professional advice are seen as the basis 
of nursing work [54]. Therefore, professional consideration in participation with the care 
recipient is necessary regarding the use of telecare itself as well as the frequency of use. 
Nurses act in a patient-centred manner in their reserved tasks and they are responsible 
for care planning [54]. As part of their duties, they consider the use of new technologies, 
including the positive or negative effects in terms of health, sustainability and human 
rights [50].

On a social level, over-reliance on technology can reduce personal interaction and 
empathy in care. Human aspects of care can take a back seat when digital health ser-
vices and mobile health platforms provide care to patients regardless of their location 
[31]. The challenges of telecare lie in the inadequate technical infrastructure, the lack of 
personal contact, the loss of care-relevant data that cannot be obtained online, such as 
non-verbal signals or smells, and the lack of clarity regarding expectations of caregivers 
in their role [17]. In addition, not all patients and caregivers have the same access to digi-
tal technologies or the same competence in using them. This can lead to a new form of 
inequality and make access to healthcare services more difficult.

5.4  Technical assistance systems and sustainability in care

At the social level, technical assistance systems can help to ensure that the care pro-
vided to care recipients by professional nurses, helpers and informal nurses interact in 
the best possible way [72]. They serve to prevent, heal and improve people’s health and 
well-being and can be used in the outpatient sector as smart homes or ambient assis-
tant living. Health apps, wearables, tracking systems, support robotics, social robots, 
emergency call systems, sensor mats, intelligent floors and mirrors or electronic pill 
dispensers are coordinated to support nursing care [33]. In addition to enabling care 
recipients to remain at home for as long as possible, technical assistance systems also 
improve the safety and independence of patients, enable them to lead a self-determined 
life and relieve the burden on nurses [33]. In addition, relatives can network with the 



Page 16 of 24Zöllner et al. Discover Sustainability           (2026) 7:584 

information about care recipients. The systems can also be used in a clinical setting to 
relieve the burden on staff.

In the social context, technical assistance systems can play an important role in the 
transition from hospitalization to home or inpatient care. As part of discharge manage-
ment, it can be clarified which systems should be available at home and how follow-up 
care can be adapted accordingly [17]. A challenge in the case of acute needs, such as fol-
lowing a hospital stay, is the financing of technical assistance systems, the existing infra-
structure in the form of Wi-Fi, Internet access and its quality, as well as the uncertainty 
of customers regarding security and data protection concerns, but also the difficulties of 
care recipients in keeping up with technological changes [1].

Holistic and networked documentation in the sense of data networking serves to 
improve the quality of care in the social sector, make work easier for staff and optimise 
patient care [65]. By reducing documentation gaps and providing precisely formulated 
information, well-founded decisions can be made. At the same time, AI-supported tools 
can provide patient data quickly and reliably. These can support the creation of care 
diagnoses and be used for secure and quickly accessible detailed documentation, pro-
cess tracking and transparency or can be linked to the electronic patient record. These 
systems help to increase the quality of care by ensuring continuity of care and improving 
the efficiency of documentation. In the long term, such improvements can help to coun-
teract the shortage of specialists by reducing the workload and time spent on documen-
tation. It is considered important for nursing to improve working conditions [4].

From the strategic perspective of governance, digital technologies can optimize work 
structures and contribute to relieving the burden on caregivers by improving the flow 
of information, data exchange and interprofessional collaboration. Employee acceptance 
is a prerequisite for the successful use of digital technologies [1, 65]. This acceptance 
requires staff to have digital skills, whether through training, education or practical 
experience. Employees who are not sufficiently trained or informed may be sceptical 
about the use of AI. They may also suffer from the fear of losing their job as a result of 
these technical changes [56].

At the operational level of governance, AI-supported systems can support data col-
lection and documentation. Improved and more efficient planning through digitalisa-
tion via optimised organisational processes, such as duty scheduling and bed occupancy, 
saves costs and increases the traceability of decisions. The transparency of processes is 
increased through structured data management, while data protection remains guaran-
teed through compliance with the DSGVO and other guidelines [21]. AI-supported sys-
tems can also improve the efficiency and quality of care planning by effectively designing 
and facilitating processes such as staff scheduling, reporting and billing. Electronic doc-
umentation ensures a seamless transfer of information and contributes to quality assur-
ance in accordance with legal requirements such as the German Social Code-SGB V [5].

5.5  Robotic systems and sustainability in care

For social working conditions, robots could improve working conditions and transport 
robots should take over long journeys, lifts or exoskeletons can, for example, counteract 
the intensification of work and heavy physical labour and increase the well-being and 
safety of those in need of care [15, 39, 42, 67]. Care professionals are expected to be 
familiar with the technical possibilities and have the ability to operate digital technology 
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at a high level at all times and to use it in a targeted, safe and thoughtful manner [36]. 
The use of technology requires, on the one hand, an interest in technology on the part 
of nursing staff and, on the other hand, the targeted and professional use of all techni-
cal systems that come into contact with patients with regard to patient safety [40]. It 
is crucial to create awareness of the current situation and actively involve employees 
in the change process in order to avoid resistance and dissatisfaction [38]. At the same 
time, there is a risk of dependence on technical systems in practice and that the focus on 
increasing efficiency neglects ethical and social aspects [49, 63].

With regard to the strategic level of governance, the costs for the implementation, 
maintenance and further development of technical systems are important in the short 
and long-term care sector. A lack of or inadequate technical infrastructure, insufficient 
staff training and high costs for new technologies could delay or hinder the implementa-
tion of digital solutions [9]. The introduction of digital systems can also lead to resistance 
within the organisation. Care organisations and their management need to implement 
innovative solutions and effective change management to meet both internal and exter-
nal requirements [38]. Employees may feel threatened in their professional role by auto-
mation and digitalisation, which reduces the acceptance of such technologies [35].

One obstacle is the lack of acceptance or qualification of those involved [35]. Nursing 
staff and patients need to be trained in the use of digital and robotic solutions, which 
requires time and resources to avoid staff being overwhelmed by the technology. Ongo-
ing training is also required to ensure that caregivers can use the technologies effectively 
and safely. Relief through technology can only work if the motivational and user aspects 
of older adults and caregivers are taken into account. The care, ethical and social per-
spectives as well as the cost–benefit ratio are also relevant for future prospects [27].

In the social sphere of self-determined living and the smart home, social robots will 
take on the role of roommates and companions in care, no longer performing tasks 
but interacting, entertaining and spending time with people [43]. The risk here is that 
human contact is reduced due to the assumption that the person is already being enter-
tained. From an environmental perspective, it should also be mentioned that robots and 
their drive or battery systems are sometimes made from environmentally harmful mate-
rials, which means that their manufacture, use with energy supply and disposal have an 
environmental impact [48]. Their use must therefore be carefully evaluated. Refinancing 
must also be clarified in advance.

In the context of digitalisation and care, the three ESG dimensions are interrelated. 
They influence each other, meaning that decisions in one area always have consequences 
in the other dimensions. They must therefore be considered together in order to gain a 
holistic understanding of the opportunities and risks in the care sector.

Looking at the mutual impact of digitalisation in care from a social and environmen-
tal perspective, one risk would be if, for example, energy-intensive technology were 
replaced by more economical solutions at the expense of care quality or working condi-
tions. In contrast, digitalisation could help to improve care quality or working condi-
tions, but have a poor energy balance.

Innovative corporate management can use technologies for efficient and structured 
work. However, a powerful IT infrastructure leads to environmental pollution through 
energy consumption. At the same time, innovative technical structures could optimise 
environmental pollution.
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Good corporate management can influence the social effects of digitalisation by using 
technologies to improve working conditions, quality of care and self-determination. 
Even so, users must be willing to engage with the technology and accept its implementa-
tion despite data transfer or possibly also an increased workload.

Figure  5 shows the relationship and interaction between the environmental, social 
and governance aspects in relation to the opportunities and risks of digitalisation in the 
care sector and underlines that these three different aspects are not independent of each 
other.

Figure  6 uses rectangular boxes to illustrate the dependency of the overarching ele-
ments of digitalisation, maintenance and sustainability. The subdivisions of the elements 
are shown in oval shapes. The broken lines represent the path of the subdivision. The 
continuous arrows place the elements in relation to each other. The arrows pointing in 
one direction represent the name of the relationship. For a better overview, these ratios 
are shown as double arrows in the subdivision, i.e. they point in both directions. The 
bracket summarises the results of the dependencies and leads them over to the practical 
application. This is shown as a practical framework, based on the SWOT analysis and 
adapted for the ESG relationship of the opportunities and risks, benefits and harms of 
digitalisation in the care sector.

For practical application, Fig. 6 was converted into a three-dimensional model, which 
can be seen in Fig. 7. The model was named MORE-Model for Opportunities and Risks 
in relation to ESG and digitalisation in the care sector. The central layer contains the 

Fig.  5  The ESG relationship of the opportunities and risks of digitalisation in the care sector (Source own 
presentation)
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ESG sustainability criteria. The second layer represents the care sector settings, which 
includes hospitals, outpatient care, partial and residential care as well as prevention an 
rehabilitation centres, and the third layer includes the elements of digitalisation like AI, 
telecare, technical assistance an robotic systems. The three superimposed areas cre-
ate a three-dimensional model in which the areas can be rotated against each other as 
required. In this way, the individual sustainability criteria can be combined with the 

Fig. 7  MORE–Model for Opportunities and Risks in relation to ESG and digitalisation in the care sector (Source own 
presentation)

 

Fig. 6  Relationship between digitalisation, care setting and sustainability (Source own presentation)
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respective care setting and the selected digitalisation system and examined for opportu-
nities, risks, benefits and harms.

This serves to systematise the numerous possible combinations of ESG, digitalisation 
and care. Within the individual areas, the sub-items can be compared with each other in 
the same way.

6  Summary and conclusion
The ESG dimensions are closely interrelated in the digital care sector. Environmen-
tal impacts, social effects and forms of corporate governance influence each other and 
therefore cannot be viewed in isolation. Digital technologies can reduce environmental 
burdens, but at the same time create new ones. They can improve the quality of care, 
but cause social risks if introduced without appropriate governance. Responsible corpo-
rate governance acts as a connecting element that balances ecological and social goals 
and translates them into sustainable digitalisation strategies. It is therefore essential to 
consider the three dimensions together in order to realistically assess the opportunities 
offered by digitalisation in the care sector and systematically manage its risks.

In the healthcare system, regardless of whether it involves long-term or short-term, 
inpatient or outpatient care, in addition to the CO₂ debate, the availability of staff, time, 
the best possible patient care and innovative management are also of great importance 
for the future of patient care. In order to explore the application of technologies to pro-
mote ESG criteria in healthcare, particularly in the areas of environmental sustainability, 
working conditions and management structures, it is necessary to consider and examine 
the healthcare system with regard to these criteria and digitalisation as a separate area 
within the healthcare system. In this way, data on sustainable performance can be col-
lected in a targeted manner in line with ESG criteria and forward-looking recommenda-
tions for action can be derived.

From an environmental perspective, it is recommended that digital technologies be 
used to optimise processes and make them more efficient, save resources and optimise 
their consumption, optimise warehousing and goods management, save on consumables 
and delivery routes and reduce costs. In addition, the required computing power and 
the resulting environmental impact must be taken into account, especially when using 
AI. Overall, energy consumption, energy dependency and data transmission must be 
taken into account and the digital infrastructure, including network security, must be 
guaranteed.

In the social sector, digital technologies can help to improve working conditions, 
automate processes and relieve care workers of administrative tasks. New and flexible 
working models such as telecare must be promoted. However, it must be considered 
important that digitalisation has its limits where people need people. Humans and their 
decisions should not be replaced by digitalisation but rather supported. In-depth knowl-
edge is generally necessary in order to avoid becoming dependent on technology when 
making decisions. It is important that the aspects of digitalisation are integrated into the 
basic, advanced and further training of nursing staff on a mandatory basis.

Governance structures require the use of digitalisation to improve accountability, 
transparency and traceability in decision-making. AI-based tools should be used to opti-
mise documentation, personnel planning and compliance with legal requirements. A 
strict data protection concept must be adhered to in this context. For digitalisation to 
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be successful at the governance level, technological, ethical and human factors must be 
integrated into a coherent system. In order to secure the future of care, the infrastruc-
ture for digitalisation must be expanded and technical offerings must be critically evalu-
ated in terms of patient orientation, safety and cost–benefit ratio. Changing practices 
and implementing and using these systems requires innovative management and the 
political will to finance or refinance their use and technology.

The MORE model (Model for Opportunities and Risks in relation to ESG, or Moni-
toring, Optimising, Rebalancing, Embedding) is a novel visual and analytical framework 
developed for practical application. The model can serve as a framework for integration 
between digitalisation, care facilities and sustainability dimensions. As a flexible tool, it 
can be used to systematise possible combinations of digitalisation in relation to ESG cri-
teria in the care sector. To promote sustainable innovation in the care sector, it serves to 
manage the interactions between digital solutions and ESG dimensions in various care 
facilities.

The MORE model offers a structured method for assessing the opportunities and 
risks associated with digital systems in care to ensure a balanced and context-sensitive 
approach to responsible implementation.

7  Limitations and future research directions
The study has several limitations that should be considered. Potential publication bias 
could influence the results, as primarily studies with significant or positive findings 
are available. The number of included studies is limited, which restricts the generaliz-
ability of the results. The study focuses primarily on the care sector in Germany, par-
ticularly long-term care, thus limiting its applicability to other countries or care sectors. 
Finally, technological solutions and sustainability approaches are developing very rap-
idly in the care sector, meaning the findings represent only a snapshot of the current 
situation. These limitations also outline clear directions for future research and practical 
development.

The MORE model, as a theoretical tool, is useful for practical application. Decision-
makers could use it to systematically plan and prioritize sustainability measures in the 
care sector, for example, regarding resource allocation or the implementation of new 
processes. Future research should conduct pilot projects in real-world care facilities 
to test its practical applicability and perform empirical validation to verify the model’s 
effectiveness and efficiency. Furthermore, long-term studies could investigate how tech-
nological developments and organizational changes complement or adapt the model. 
Building on these directions, forthcoming research can contribute to developing robust, 
scalable and forward-looking digital solutions that strengthen sustainability in the care 
sector and support the continuous advancement of ESG oriented healthcare.
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