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Abstract
The drinking water supply is a core element of national regulations for normal and emergency supply as well as
coping with crisis events. Particularly with regard to the interdependence of critical infrastructures means that water
supply failures can have far-reaching consequences and endanger the safety of a society, e.g., by impairing hospital
operations. In case of an emergency in the drinking water infrastructure, minimum supply standards, e.g., for patients
in hospitals, become important for emergency management during crisis situations. However, wider recognition of
this issue is still lacking, particularly in countries facing comparably minor water supply disruptions. Several international agencies provide guideline values for minimum water supply standards for hospitals in case of a disaster.
Acknowledging these minimum standards were developed for humanitarian assistance or civil protection, it remains
to be analyzed whether these standards apply to disaster management in countries with high water and healthcare
supply standards. Based on a literature review of scientific publications and humanitarian guidelines, as well as policies from selected countries, current processes, contents, and shortcomings of emergency water supply planning are
assessed. To close the identified gaps, this paper indicates potential improvements for emergency water supply planning in general as well as for supply of hospitals and identifies future fields of research.
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Highlights

• Review of available and lacking minimum water supply standards of hospitals.
• Identification of future research needs in the field of emergency water supply of hospitals and health care
facilities

Introduction
In March 2015, the UN World Conference on Disaster Risk Reduction (DRR) in Sendai highlighted
the importance and relevance of critical infrastructure resilience (UNDRR, 2015). Critical infrastructures
(CI) such as water supply and hospitals are, by definition, essential for society (BMI, 2009; DHS, 2015).
Correspondingly, if CI suffer damage, destruction or disruption, this may have a significant negative
impact on public health and the security of citizens (UNISDR, 2009; OECD, 2019; UNDRR, 2017).
One of the seven core global targets defined in the Sendai Framework for Disaster Risk Reduction
2015–2030 is to
‘substantially reduce disaster damage to critical infrastructure and disruption of basic services’
as well as
‘to promote the resilience of new and existing critical infrastructure, including water, transportation
and telecommunications infrastructure, educational facilities, hospitals and other health facilities, to
ensure that they remain safe, effective and operational during and after disasters in order to provide
life-saving and essential services’. (UNDRR, 2015)
This target is, worldwide, of particular relevance as the 21st century is characterized by major natural
hazards (e.g., extreme weather events due to climate change) (Priscoli & Hiroki, 2015; Liu et al., 2016)
and new security policy hazards (e.g., asymmetric conflicts, international terrorism, fundamentalism of
various forms, and associated military conflicts) (Pescaroli & Alexander, 2016). Both types of hazards
can potentially harm CI (BMI, 2009; Urlainis et al., 2014; Liu et al., 2016; Pescaroli & Alexander,
2016).
In this paper, the country examples of Germany and Austria have been selected to illustrate and clarify the aspects of unsuitable planning principles and shortcomings of emergency water supply planning.
The water supply standard is considered very high in these two countries. This is proved by high consumer confidence in the reliability of the infrastructure, a high degree of connection to the central
pipeline networks, and low downtimes (Lorenz, 2010). In Germany, drinking water supply is provided
by approximately 6,000 water supply companies with a total pipeline length of 530,000 km, supplying
nearly 81 million inhabitants every day (DVGW, 2015). Thus, 99% of the 82 million inhabitants of
Germany are connected to the public drinking water supply network (DVGW, 2015). Every inhabitant
in Germany consumes, on average, 121 liters per day (EurEau, 2017). Roughly 90% of Austria’s eight
million inhabitants are connected to the public drinking water supply. Less than 10% of the population
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supplies themselves via their own water supply system because the connection to the public water
supply system is uneconomical and associated with hygienic challenges due to the decentralized settlement structure. Every day, around 5,500 water supply companies provide consumers drinking water
through a pipeline grid of 78,000 km in length (BMNT, 2018). On average, every inhabitant of Austria
consumes 130 liters per day (EurEau, 2017).
Water supply systems are confronted with an increasing number of technological risks as well as
environmental factors in connection with a decentralized energy supply and increasing networking of
IT systems (BSI, 2017). These burdens can lead to contamination or non-availability of drinking
water. An impairment of a water supply system can have far-reaching consequences, particularly
with regard to cascading impacts with adverse effects on other CI beyond the local level, which are
often difficult to assess (Sitzenfrei et al., 2011). The effects on the water itself can be divided into
an influence on the drinking water quality or the drinking water quantity (Bross & Krause, 2017).
This applies to every country.
However, the characteristics of the existing supply system, such as the structure of water supply systems (e.g., redundancy, resilience of water supply system), local conditions, and dependency of other CI
(e.g., hospitals) influences the diverse effects of outages and their countermeasures (Bross et al., 2019a).
This paper focuses on emergencies caused by sudden, acute, and generally unexpected damage events
that can lead to considerable impairments or even failure of the drinking water supply, taking into
account that a regular supply can only be achieved with an appropriate response or reaction from the
responsible institution. Nevertheless, the emergencies under consideration in this paper do not cause
a displacement of the population or an irreversible loss of regular water supply. Therefore, emergencies
are classified as temporary disturbances in the provision of safe drinking water. Consequently, this paper
defines emergency water supply (EWS) as the provision of water to meet basic needs for a limited
period when normal operations are disrupted and the water supply is insufficient.

International cases and the importance of the topic
One example of the potential vulnerability of hospitals in a high-income country to water supply disruptions was the water supply emergency in Heidelberg, Germany. On the morning of 7 February 2019,
several citizens had reported a blue coloring of the water to the public health authority. Due to the
unknown source and its effect on the water quality, it was suggested to the residents not to use the
tap water for drinking, showering, and washing their hands anymore (Badische Zeitung, 2019). Only
toilet flushing was allowed to continue (Focus online, 2019). As a result, the University Hospital of Heidelberg no longer had access to drinking water (RNZ, 2019). The failure of the water supply lasted
about 6 hours. For the hospital, it was logistically a great effort to deal with this situation, because
such an unusual water-related experience had never occurred before. In the clinic, the entire water
supply was shut off after the colored water was reported. Thus, disposal of feces was not possible at
this time. As well, there was no drinking water available for vital dialysis, cleaning work, sterilization
processes, or for the kitchen. Since it was unknown how long the water failure would last, an emergency
water supply structure with supply from other water utilities via tank trucks was initiated.
A community must be able to protect the lives and well-being of the emergency-affected population
(WHO, 2015). This is particularly important in the minutes and hours immediately following the impact
of exposure to the emergency. In these situations, the ability of public health services to function
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without limitation or interruption is a matter of life or death. However, the continued functioning of
health services relies on various key factors: first, the need for housing structures of hospitals which
can resist exposures and forces from all kinds of hazards (Adams et al., 2015); second, medical equipment which is in good working order and protected from damage (WHO, 2015); third, health personnel
can provide medical assistance in safe and secure settings (Adams et al., 2015). Here, the COVID-19
pandemic shows that the protection of the mental health of medical staff (Chen et al., 2020) and problematic care in psychiatric hospitals and gerontopsychiatric institutions (Yao et al., 2020) are of
particular importance; as well as, not lastly, the availability of critical infrastructures (such as water
supply) to support the health services (CDCP & AWWA, 2012). According to Giovinazzi et al.
(2016), the drinking water supply is the second most critical infrastructure element for the functioning
of hospitals after electricity supply.
In emergencies, the provision of drinking water to CI represents a significant challenge for any water
utility and authority. This applies even to high-income countries with high supply security. For instance,
Welter et al. (2013) found the McAlester Regional Health Center to suffer from a loss of water supply
for 2.5 days in the aftermath of an ice storm in Oklahoma, USA, in December 2000. In addition, Perrin
(2006) illustrates the impact of the 2005 Hurricane Katrina on the Children’s Hospital of New Orleans,
which suffered from a lack of water supply that affected the hospital’s air conditioning system. The University Hospital Neonatal Intensive Care Unit (NICU) in New Orleans, Louisiana, experienced a
shortage of water, as running water and sewerage facilities were not available due to the flooding in
the aftermath of Hurricane Katrina (Barkemeyer, 2006). The flood disaster in North Dakota and Minnesota, USA, in April 1997 triggered a loss of water supply which affected the Grand Forks’ healthcare
systems (Siders & Jacobson, 1998). Multiple hospitals were affected by a loss of water supply caused by
the flooding in Des Moines, Iowa, USA, in 1993 (Peters, 1996).
Efficient hospital emergency management is considered as an essential way for hospitals to supply
continuous health services during emergencies, even if the hospitals are directly affected (Barbera
et al., 2009; Sauer et al., 2009). Welter et al. (2011) underline ‘the volume of water required for hospital
operations, even in curtailed mode, is more than what the hospitals could feasibly address through an
on-site stockpiling approach.’ Consequently, emergency water supply planning of the local municipality
and water utility should consider the water demand of hospitals and other public health infrastructures.
Due to the high needs placed on the water supply of hospitals concerning the high quality standards
required and the large quantities of water, comprehensive emergency planning is needed. Emergency
planning refers to the sum of all measures which are implemented at the time after an emergency has
occurred but which are arranged beforehand (Bross et al., 2019b). Accordingly, this must include
both preventive and preparatory measures that are considered to avoid or reduce impairments and to
cope with damage events, involving various CI operators as well as authorities and organizations
with safety and security tasks. Thus, this paper is addressed to water suppliers, the hospital operators,
health authorities and state health authorities as well as aid organizations, which are involved in ensuring
the security of drinking water supply for such sensitive facilities and are directly participating in the
development and elaboration of emergency preparedness planning. These include, in particular, the
management, hygienists and safety officers of more extensive healthcare facilities, disaster control authorities, municipalities as well as the water supply companies themselves, which ensure the supply of
drinking water during normal operation.
Bross et al. (2019a) have shown that the definition of the minimum supply standards of the population, especially in countries with a high level of security of supply, depends, in particular, on the
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existing characteristics of the infrastructure systems. An exemplary influencing factor is the systemdependent minimum amount of water which is needed to operate the grid system and to avoid hygienic
problems. This factor can also be applied to hospitals. However, knowledge for the definition of minimum care standards of hospitals under consideration of their influencing factors is missing.
This paper provides recommendations for improved emergency water supply planning for hospitals
and identifies gaps in the current practice by drawing on a literature review and analysis, as well as interviews as case study examples. The paper focuses on the supply standards of hospitals in high-income
countries (e.g., Austria and Germany) and their water demand under normal conditions. The literature
review of scientific publications and policies as well as humanitarian guidelines from selected countries
shows the processes as well as the current state of emergency water supply planning of hospitals. In
order to improve emergency water supply the necessity to go beyond existing policies of hospitals is
demonstrated by using the two European Union (EU) member states Germany and Austria as country
case studies.
Building on this, it is analyzed to what extent minimum supply standards can deviate from regular
supply and how water demand can be derived from this for emergency situations. Research and knowledge gaps are identified as well as recommendations for action being derived from this and discussed in
the paper.

Methods
Desktop researches were conducted to assess frameworks, guidelines, especially policy guidelines for
emergency water supply as well as for legislation in the European, German and Austrian contexts.
Additionally, experts of four hospitals in southern Germany were interviewed with the aim of obtaining
information on the hospitals’ water requirements in order to finally compare them with the findings of this
study. It was also of particular interest to find out how the surveyed hospitals would deal with a case of
failure in the drinking water supply and whether the drinking water supply has already been included in
the hospitals’ alarm plan. The information from the hospital experts are presented anonymously. The
questions were not sent in advance and all three experts were asked the same catalog of questions.
The country examples of Germany and Austria were chosen to compare the emergency management
plans for a (partial) failure of water supply affecting hospitals and other healthcare facilities. According
to the World Bank, the two neighboring countries are considered high-income countries due to their
gross national income per capita (The World Bank, 2018). Germany and Austria have a very similar
standard of living and comparable standards of drinking water supply. Additionally, the two countries
have similar boundary conditions (climate, geography, population structure, demographic change, etc.)
as well as challenges to the security of supply (including natural hazard-induced disasters, terrorism, and
crime).

The water supply of hospitals under normal conditions and in emergencies in high-income
countries
In general, policy documents and international guidelines propose values for the minimum water standards for the demand of different groups of consumers (e.g., general population, hospitals) to determine
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the overall quantity of emergency water supply of a community. Each type of consumer has a unique
specific water demand. Several sources (e.g., DVGW W 410, 2008; WSDH, 2009; VDI 3807-2, 2016)
suggest that the number of consumers within a hospital should be calculated on the basis of the number
of maximum available hospital beds. The average of daily water demand does not indicate the variation
in time as well as the daily peaks.
Differences in the hospital’s equipment and the medical treatment methods offered lead to a variation
in the water demand of hospitals in regular care. Table 1 shows the average daily water demand of a
hospital bed in various countries and regions according to different sources.
Germany has 1,942 hospitals with a total of 497,182 beds (data for 2017) with more than 19.4 million
treatment cases each year, treated by more than 1.2 million employees including 186,021 doctors
(Destatis, 2018). Thus, 6.0 beds are available for every 1,000 inhabitants. On average, a German hospital has 256 beds. According to data from 2017, Austria has 271 hospitals with a total of 64,805 beds
(BMGF, 2019). More than 140,500 employees including 22,800 doctors, treat approximately 2.8 million
treatment cases each year (Statista, 2019). Consequently, 8.1 beds are available for every 1,000 Austrian
inhabitants and an Austrian hospital has 239 beds on average.
Concerning the differentiation of the size of hospitals, it is primarily the number of beds that has to be
considered, which in turn, is closely related to the individual care level. Although there is no uniform
definition of care levels between the German federal states, the division into basic care (up to 200 beds)
and standard care (up to 350 beds), central care (350–1,000 beds), and maximum care (over 1,000 beds)
is the most widespread (Busse et al., 2010).

Table 1. Daily water demand of a hospital bed under normal conditions and in emergencies.
Water demand
Normal conditions
Country/Region
Europe
USA
Japan
Spain
Germany

Austria
World

l/(bed · day)
a

Emergencies
Source

500–1,000
300–1,514b

Ludwig, (2002)
VDT, (2008); WSDH, (2009)

534c
120–830
283
370
455d
679e
120–830

González et al., (2016)
Karger & Hoffmann, (2013)
González et al., (2018)
VDI 3807-2, 2016
Reller, (2000)
Dettenkofer et al., (2000)
Neunteufel et al., (2010)

a

Average annual water demand between 183 and 365 m3 per bed.
Average annual water demand between 110 and 553 m3 per bed.
c
Average annual water demand of 195 m³ per bed.
d
Average annual water demand of 166 m³ per bed.
e
Average annual water demand of 248 m³ per bed.
f
Inpatients.
g
Per surgical intervention and delivery.
b
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298
257

Welter et al., (2013)
Murakawa, (2013)

75–150

BMI, (2016)

40–60
40–60f; 100g
220–300

ÖVGW, (2017)
Sphere Association, (2018)
UNHCR, (1992)
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In addition to the number of beds, the type and quantity of specialist departments, the provision of
specialized services, and technical equipment as well as the obligation to participate in emergency
care (Heinrich, 2011) serve as differentiation criteria. Basic and standard hospitals, in general, have
the task of ensuring universal care and in any case have the departments of surgery and internal medicine. Priority hospitals are usually responsible for supraregional care and are mostly located in mediumsized and larger cities. In their up to ten specialist departments, doctors and nursing staff are also frequently trained. Hospitals with maximum care include usually all hospital disciplines as well as a large
number of specializations (Nagel & Braasch, 2007).
Table 2 shows the results of a study by the Association of German Engineers with a focus on specific
values of water consumption of public health infrastructures. In this study, the reference value and the
average value of hospitals regarded in the study are shown. The division into basic, standard, central,
and maximum care hospitals conforms with Busse et al. (2010); however, the number of beds in
each category varies. Although the hospital size indicates the extent of specialized services provided,
there is no clear tendency of increasing patient-specific water demand apparent in the numbers
shown in Table 2.
The areas of a hospital that are directly or indirectly dependent on drinking water are numerous
(Exner et al., 2007; CDCP & AWWA, 2012; Hsu et al., 2017). According to CDCP and AWWA
(2012) the critical medical-related water demands include:

•
•
•
•

Diagnostic equipment (e.g., MRI cooling water)
Dialysis
Sterilization and equipment washing
Water seal for medical gas pumping (air, oxygen, nitrous oxide, vacuum)

Additionally, the areas which are critical in the medical and technical sense, and therefore remain in
service during a protracted water supply loss need to be considered. According to CDCP & AWWA
(2012), these are, in particular:

•
•
•
•
•

All laboratories
Compo B (complicated labor and delivery)
Critical Care/Intensive Care Unit (ICU)
Critical Care Step Down Unit (SDU)
Dental/oral maxifacial

Table 2. Speciﬁc values of water consumption of German public health infrastructures according to VDI 3807-2 (2016).
Type of hospital

Reference value
l/(bed · d)

Mean value
l/(bed · d)

Basic care, 0–250 beds
Standard care, 251–450 beds
Central care, 451–650 beds
Maximum care, 651–1,000 beds
Hospital with more than 1,000 beds

206
266
325
224
393

290
361
430
370
714
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•
•
•
•
•
•
•
•
•
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Dining room
Emergency room
Gastroenterology clinic
Nephrology/dialysis
Neonatal Intensive Care Unit (NICU)
Operating rooms
Patient administrative computer services (PACS) computers
Post Anesthesia Care Unit (PACU)
Sterilization

For all of the above-mentioned sub-processes and areas, it is known that they cannot function without
water. The exact water demand of the sub-processes or areas, or at least a gradation of the required water
quantity, is currently unknown.
Frameworks and standards for emergency water supply
Universally used frameworks and standards for emergency water supply
Legal frameworks and guidelines have been developed at national and regional scales to ensure a
secure water supply. However, only very few universally applicable standards were developed concerning emergency water supply in disaster situations. The small number of ISO standards, which directly
address emergency water supply in general (Bross et al., 2019a), indicate the lack of guidance for hospitals, health utilities, and authorities, who would typically use such standards to plan for and ensure a
functioning hospital with minimum water supply in emergencies.
In the absence of internationally applied emergency water supply standards, the Sphere Project provides a manual covering minimum standards for the water supply of hospitals and other aspects of
humanitarian response (The Sphere Project, 2011; Sphere Association, 2018). The manual includes a
set of common principles and universal minimum standards for humanitarian response activities,
which have been developed by a wide range of humanitarian actors. The manual is comparably
unique as it provides hard numbers for minimum supply water needs that have to be met for basic survival in addition to qualitative descriptions.
According to the Sphere Project, minimum standards are ‘conditions that must be achieved in any
humanitarian response for disaster-affected populations to survive and recover in stable conditions
and with dignity’ (The Sphere Project, 2011: 5). The guidelines of the United Nations High Commissioner for Refugees (UNHCR, 1992), the World Health Organization (WHO, 2002), and the Sphere
Project (The Sphere Project, 2011; Sphere Association, 2018) each addresses the minimum standards
as conditions necessary for survival in humanitarian crises, for example, in the establishment of
camps for displaced people after disasters.
A handbook providing guidance is the Emergency Water Supply Planning Guide for Hospitals and
Health Care Facilities of the Centers for Disease Control and Prevention (CDCP) in collaboration
with the American Water Works Association (AWWA) (CDCP & AWWA, 2012). The handbook provides a four-step process for the development of an Emergency Water Supply Plan (EWSP) and gives
recommendations on which aspects should be taken into account in emergency planning.
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Quantities for minimum water supply needs per patient or hospital bed are covered in a few studies
(Reed & Shaw, 1995; Adams, 1999; House & Reed, 2004; Reed, 2011; Welter et al., 2010, 2011, 2013),
which are applied compared to the Sphere Handbook. While Adams (1999), House & Reed (2004),
Reed & Shaw (1995), and Reed (2011) provide numbers comparable to the Sphere handbooks,
Welter et al. (2010, 2011, 2013) show numbers significantly higher.
The quantities for the water consumption per hospital bed can function as an appropriate basis for
emergency planning. However, they need to be treated with caution as minimum water demands
may vary significantly from average consumption between hospitals of different sizes and equipment.
When comparing the number for minimum water needs of 40–60 liter per patient per day of the
Sphere Handbook with the water consumption patterns under normal conditions around the world (as
shown in Table 1), it becomes evident that the standards can only be applied in cases when it is not
possible to fall back on existing infrastructure. Otherwise, the existing infrastructure cannot be used
for supply, as it either is no longer functional or was never available (Bross et al., 2019a).

Emergency water supply in European frameworks and guidelines
The European Commission has published several directives and guiding documents which are meant
to ensure water supply security and quality under normal conditions. One of these directives is the European Drinking Water Directive (98/83/EC), which was developed and published in 1998 to secure the
quality of drinking water in countries of the European Union. The directive states minimum requirements for the quality of water for human consumption. From a hygienic-medical point of view, the
definition of ‘water for human consumption’ is of considerable importance, as the path of transmission
of pathogens is no longer only recognized as the path of absorption by drinking, but also by inhalation
(e.g., Legionella, atypical mycobacteria) or by contact (Exner & Kistemann, 2004).
In the European Drinking Water Directive, hospitals are assigned independent responsibility for the
quality of the water in their building installation systems. This has far-reaching consequences for hospitals and other medical facilities (nursing homes, elderly homes), as the so-called ‘house
installations’ in public facilities from which water is provided to the public are explicitly included
in the scope of the European Drinking Water Directive. This may also result in liability consequences
for the operator.
The directive also requests water providers including hospitals to develop water safety plans based on
the WHO Framework for safe drinking water (WHO, 2017). A Water Safety Plan regulates the details of
water use, ensuring proper quality, the measures to be taken in the event of reconstruction measures and
restricted water use, as well as validation and verification by monitoring physical, technical, and microbiological parameters. These water safety plans include the assessment of hazards and risks that may
threaten water supply and quality to consumers and the establishment of individual management
plans to minimize those risks. Additionally, there are policy documents and legislation that focus on
risk mitigation of water supply in general (e.g., DIN 15975-2, 2013; DIN 15975-1, 2016). Available
documents do not, however, refer to minimum standards of hospitals or management procedures for
cases of water supply disruptions or failures. This is neither regarding quantity nor quality of water.
The overall focus of the documents on the European level is put on risk management to secure water
quality under normal supply conditions without consideration of the emergency supply of hospitals as
well as minimum supply needs in emergencies.
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Emergency water supply in German and Austrian frameworks and guidelines
In Austria, none of the federal legislation has a clear mandate for the emergency drinking water
supply (ÖVGW, 2017). This is neither for emergency water supply of the population nor the supply
of hospitals and other public health infrastructures. As services of general interest and a state competence, the emergency drinking water supply is in the power of the mayor and it is located at the
intersection of water law and food law (ÖVGW, 2017).
The standard W 74 (ÖVGW, 2017) was updated by the Austrian Association for Gas and Water
(ÖVGW) in 2017. It gives detailed information for water suppliers for crisis situations. The basis of
the quantitative minimum supply standards for hospitals mentioned in the standard W 74 are the minimum supply standards published in the Sphere Project and in the WHO handbook.
The German Drinking Water Ordinance (TrinkwV, 2019) is the regulative framework for drinking
water quality for normal conditions as well as in case of a drinking water emergency in Germany.
Additionally, selected water-specific laws of the federal states oblige the water supplier and public authorities to protect the water supply system against emergencies, e.g., caused by an extreme event such as
flooding. The Drinking Water Ordinance assigns the operators of domestic installations in public facilities, such as hospitals, autonomous responsibility for the quality of their water. Hospitals are obliged by
the federal hospital-specific laws to prepare and update hospital alarm plans with corresponding hospital
emergency plans (Cwojdzinski et al., 2008; Scholl & Wagner, 2010). These regulations are not uniform
throughout Germany and their cascading interrelationships are not always easily accessible and understandable (Scholtes et al., 2018). In addition, there are predominantly no specifications with regard to
the form and content of the action plans.
The Water Security Act (WasSiG) (Wassersicherstellungsgesetz, 1965) of 1965 is the legal basis for
water security in Germany. It was drawn up during the Cold War and was initially provided for the case
of defense. Since the middle of the 1960s, the Act has been modified only by a few small adjustments.
More recently, the German Federal Ministry of the Interior published the so-called ‘Concept for Civil
Defence’ in 2016 (BMI, 2016). It addresses aspects of drinking water supply in case of civil defense and
other civil emergencies, such as quantitative minimum supply standards for patients of healthcare
infrastructures. However, this document also refers to various aspects of the WasSiG (Wassersicherstellungsgesetz, 1965) and 1. WasSV (Erste Wassersicherstellungsverordnung, 1970), e.g., the minimum
requirements per hospital patient as well as per patient in intensive medical care facilities. The Concept
for Civil Defence has adopted the quantitative minimum supply standards from the 1. WasSV, because
scientific findings for revising the standards are not available.
A comparison of the current legal framework concerning the determination of quantitative and qualitative minimum supply standards shows significant differences for emergency preparedness planning in
the two countries. This is mainly caused by the need to adapt historical requirements as well as implementing existing international standards to local conditions.
Both countries have adopted minimum standards (Bundesministerium des Innern (BMI), 2016,
ÖVGW, 2017) that should be maintained in case of an emergency. Minimum standards for water
supply in hospitals are remarkably different. Whereas the guidelines in Austria (ÖVGW, 2017) are in
line with the Sphere standards with 40–60 liters per in-patient per day (The Sphere Project, 2011;
Sphere Association, 2018), the minimum supply standards in Germany require at least 75 liters per
in-patient per day in hospitals and care facilities and up to 150 liters per in-patient per day in intensive
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medical care facilities (Erste Wassersicherstellungsverordnung, 1970; BMI, 2016). The reasons behind
the German minimum standards for water supply in hospitals cannot be reproduced.

Discussion
Considering the results above, this paper has proved that hospitals, as well as water utilites, need to
conduct preventive emergency planning. As one element of critical infrastructure, the loss of central
water supply due to a power outage or natural disaster cannot be excluded entirely. Such an emergency
can affect the water supply of hospitals, and it requires well-planned and a fast response including procurement and use of technical and human resources to reduce severe negative impacts on society.
Hospitals and other healthcare facilities play an essential role during emergencies as they provide ‘lifeline’ services to reduce the emergency-associated mortality and mobility, and thus minimize the impact of
emergencies on the community (Braun et al., 2006; Albanese et al., 2008; Cimellaro et al., 2010; Paturas
et al., 2010). In spite of this real threat and the potential effects of a drinking water failure in hospitals, there
is, currently, hardly any consideration of this scenario in the hospital emergency plans (Fischer et al., 2013;
Pfenninger & Adolph, 2017) in the guidelines or policy documents. There is a need for the development of
emergency concepts for such a scenario on the part of hospitals, but also on the part of municipalities and
water utilities. Many stakeholders are not aware that a failure of the drinking water supply is a problem for
which preliminary planning is necessary (Hoyle, 2016). On the other hand, the awareness for the responsibility for carrying out such emergency planning is not existent (Jalba et al., 2010).
Throughout every phase of an emergency, municipalities should achieve an equitable supply of water
for all parts of the society (WWAP 2012). As the general state of health influences the acceptable time
without drinking water and the water amount required (Reed, 2011; The Sphere Project, 2011), hospitals
and other healthcare infrastructures should receive a supply of water as a priority. Furthermore, communities affected by an emergency, expect the hospital to remain open and effectively operational
throughout the emergency as hospitals have the overall task to help sick and suffering people (Milsten
2000; Barkemeyer, 2006; Kirsch et al., 2010; Welter et al., 2013).
It should be emphasized that there are barely any practical studies on the specific demand for drinking
water in hospitals in emergencies. Although data are available on the total demand, which is quantified
to the respective parameters, such as the number of beds, type, or extension of the hospital, only few
actual measurements have taken place. This applies not only to normal conditions, but also to emergencies. For this reason, the reduced regular demand for emergency supply cannot be clearly verified.
Thus, a need for action in the field of planning and implementation of measures for the emergency water
supply of hospitals can be identified, involving various stakeholders, especially water utilities, disaster and
healthcare authorities. The necessary steps and processes for advanced emergency water supply planning to
be addressed by hospitals as well as water utilities are recommended in the following paragraphs.
The water demand of a hospital should be analyzed and understood by a water audit, particularly the
use of each unit or station should be determined in order to enable more precise planning. Furthermore,
by analyzing the water demand, it is essential to consider which processes could be dispensed with in an
emergency or can be temporarily replaced by waterless alternatives.
Alternatives to the regular water supply must be identified and planned. If the quality or quantity of
the regular water supply is qualitatively or quantitatively impaired, alternative types of supply can be
used. If the pipeline network is damaged, it is possible to bridge pipeline sections with mobile lines
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or to transport water through transport vehicles (Bross et al., 2019a). The alternatives to regular supply,
however, depend on the nature of the damage. Therefore, the alternatives to the regular supply should be
identified and planned for different scenarios, e.g., failure of the extraction plant and/or failure of the
treatment.
A detailed emergency water supply plan should be developed, including all preventive and preparatory measures taken to obviate, reduce, and manage incidents (Bross et al., 2019b). In addition to the
planning of emergency water supply in case of an interruption of regular operation, this also includes
preventive measures as well as the determination of resources and responsibilities. Preventive measures
serve the operational continuity of critical processes or reduce the functional susceptibility of risk
elements to the effects of hazards. They, therefore, contribute to the reduction of risks for critical processes and plant components. The emergency water supply plan should be discussed and elaborated
with all stakeholders.
Responsibilities must be clearly defined, coordinated, and communicated, which can be observed in
the crisis management of the COVID-19 pandemic in 2020. Such responsibilities depend on governance
and administrative structures. COVID-19, as well as many other previous crises such as major river
floods have demonstrated the benefits as well as peculiarities of a distribution of responsibilities on various administrative levels. This enables a bottom-up approach on the one hand but requires more lateral
as well as hierarchical risk communication and coordination. The example of Germany shows that the
responsibilities with regard to an emergency water supply or the management of an impairment of the
drinking water supply in hospitals can be different depending on the cause and extent of an event, but
also at different times of a situation. A smaller impairment will involve the stakeholders of the hospital
and the water utility while a larger impairment will include additionally the disaster management authories. Thus, there is a need for cooperative and inter-sectoral planning, i.e., involving all actors.
The planning for coping with emergency situations must be practiced and continuously improved.
Exercises play a central role in crisis management and in maintaining the decision-making competence
of the actors involved. They serve to check existing structures and processes, since weak points or
opportunities for improvement can be identified through training. In addition, through the conscious
interaction of different actors, exercises enable the best possible response to emergency situations.

Conclusion
The disruption of water supply is a significant challenge for every country, in particular, for countries
that rarely experience such extraordinary events due to low-risk awareness. In addition, the high dependency of other CI leads to a higher vulnerability due to cascading effects in the case of a damaging
event. The evaluation of existing scientific publications, policy frameworks, and guidelines on a
global and European level, as well as for the selected countries Germany and Austria, shows that
there is a need for comprehensive action.
The water demand of hospitals varies mainly due to different equipment, number of beds, the type
and quantity of specialist departments, the provision of specialized services and technical equipment
as well as the obligation to participate in emergency care. The existing planning and legal frameworks
for emergency water supply of hospitals providing minimum supply standards are based on guidelines
from humanitarian aid for disasters (WHO, 2002; The Sphere Project, 2011; Sphere Association, 2018)
or for the establishment of refugee camps (UNHCR, 1992) with different framework conditions. A lack
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of methods for determining the parameters, especially the minimum water quantity of critical hospital
processes, for planning the emergency water supply for water supply systems with a high degree of
reliability in normal cases was identified.
Legal frameworks and standards are missing regulating emergency water supply of hospitals. To
assess the complex water demands of hospitals and their patients further research is needed. Such
research can represent a sound and valuable source for the development of a legal basis and/or standards
for guidelines for emergency water supply of hospitals. Such standards need to define detailed quantity
and quality requirements with regard to hospital characteristics, regular water supply structures, different
scenarios and emergency supply requirements as well as different phases of emergencies. The standards
need to be uniform, detailed, and transnational in order to be useful for water utilities, hospitals, and
other stakeholders.
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