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Abstract: To mitigate the negative (health) consequences of climate change, the Paris Agreement
demands a radical reduction of greenhouse gas (GHG) emissions. The health sector contributes
considerably to climate change worldwide. In Germany it is responsible for 6.7% of national GHG
emissions. The transition to low-carbon hospitals requires detailed knowledge of the amount and
sources of GHG emissions. This study aimed at capturing the status quo of GHG emission reporting
by German hospitals and at examining characteristics of the reports. Therefore, we performed a grey
literature review with pre-defined inclusion and exclusion criteria. The search strategy comprised
hand-searching specific databases, targeted websites and web search engines via a standardized
set of search terms. We found 232 German hospitals reporting their GHG emissions, representing
12% of all hospitals. Yet, only 62 hospitals (3%) met the inclusion criteria for further analysis. These
reports do not comprise all energy-related GHG emissions, omit GHG emissions occurring up- and
downstream of hospitals and mainly include CO2, but leave out other GHG. Consequently, there are
severe gaps regarding GHG emissions reports of German hospitals. If Germany wants to comply
with the Paris Agreement, hospitals need to be obliged to follow a standardized methodology to
report and reduce GHG emissions.

Keywords: GHG emissions; hospitals; climate policy; climate change mitigation

1. Introduction

Climate change is posing threats to human health, for instance, through increased
mortality in extreme weather events or by decreasing agricultural yields and rising sea
levels, endangering human livelihoods [1]. However, in the climate change discourse,
health and the health sector have more nuanced roles than that. The health sector, including
“all organizations, institutions and resources devoted to producing health actions” [1], will
not only be impacted by climate change, but will also be key in adapting to climate change
and to motivate climate-friendly behaviour [2,3]. At the same time, the health sector is also
a relevant contributor to rising levels of GHG emissions and thereby to climate change.
In Germany, the health sector is responsible for 6.7% (55.1 Mt CO2) of the country’s GHG
emissions [4]. One third of the GHG emissions are energy-related [5]: either direct from
sources owned or controlled by healthcare facilities (Scope 1) or indirect from purchased
electricity, steam, heating and cooling consumed by the healthcare facilities (Scope 2).
Two-thirds of the GHG emissions are produced up- and downstream of health facilities,
e.g., along supply chains and disposal of medical equipment and pharmaceuticals (Scope
3).

Ambitious targets for climate change mitigation exist. On the international level, the
Paris Agreement, which entered into force in 2016, aims at keeping the global average
temperature increase below 2 ◦C and pursing efforts to limit the increase to 1.5 ◦C above pre-
industrial levels [6]. On the European level, the European Green Deal endeavors to achieve
a climate neutral European Union by 2050 [7]. On the national level, the Klimaschutzgesetz
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(Federal Climate Change Act) passed by the German Federal Government in 2019, commits
to a 55% reduction in GHG emissions by 2030 compared to the 1990 levels [8].

To meet the targets on international, European and national level, all sectors, including
the health sector, need to undergo changes. Such changes will need to be radical in nature
and therefore have been referred to in Germany as “Große Transformation,” a societal
transformation towards sustainability [9]. Moreover, the fundamental maxim in medical
ethics—“first, do no harm”—is violated by exceeding the unavoidable contribution to
climate change as this negatively affects human health [10].

Especially German hospitals have to cut their GHG emissions as they are energy- and
resource-intensive [11]. An Austrian study showed that hospitals are responsible for about
one-third of the GHG emissions of the Austrian health sector [12]. In Germany, no such
numbers exist, yet hospitals account for about 25% of German healthcare spending [13],
which gives an idea about the share of GHG emissions, as financial indicators such as GDP
correlate with GHG emissions [14].

To begin the transition to low-carbon hospitals, an EU-funded project formulated
a list of “Simple Steps to Reduce the Climate Impact of Healthcare.” The steps are (1)
mapping the GHG emissions of hospitals, (2) identifying emission sources with the greatest
impact, (3) working with measures to reduce the impact and (4) evaluating the results [15].
Consequently, before being able to reduce GHG emissions of German hospitals, it is vital
to perform step 1 and 2. In order to map the GHG emissions (step 1) and identify GHG
emission sources with greatest impacts (step 2), it is important to see how many German
hospitals do report on their GHG emissions and to examine characteristics of the reports
with regard to comprehensiveness and assessed GHG emissions sources.

As peer-reviewed literature did not provide the required information, a systematic
grey literature review was performed. The search strategy included hand-searching specific
databases and websites and using web search engines. To validate this strategy, websites
of all hospitals in the federal state of Saarland were hand-searched.

This review identified severe gaps in the current status of GHG emissions reports of
German hospitals. Only few German hospitals report their GHG emissions focusing on
low-hanging fruits which account for a small fraction of the actual GHG emissions of the
hospital. To meet GHG reduction targets, German hospitals should be obliged to follow a
standardized methodology to report and reduce their GHG emissions.

2. Materials and Methods

Peer-reviewed literature search: First, we performed an electronic literature search of
all articles published between 2000 and July 2020 via PubMed, Web of Science and Scopus
(see Appendix A). We scanned titles and short descriptions. For promising publications,
we also scanned abstracts. However, none of the articles met the inclusion criteria which
will be presented below.

Grey literature search: Consequently, we performed a systematic grey literature review,
providing data not found within the conventional repositories of published literature. Since
no protocol for rigorous systematic grey literature reviews exists [16], we had to enter
uncharted waters and therefore developed a novel approach to a grey literature review.
To assure transparency, we developed a search plan, and documented assumptions and
decisions. The search plan (see Figure 1) comprised three different search strategies: (1)
specific databases, (2) specific websites, (3) web search engines. Finally, we validated the
search strategy by scanning websites of all hospital of one German federal state.



Sustainability 2021, 13, 1430 3 of 19

Figure 1. A systematic approach to a grey literature review.

(1) Specific databases: We identified suitable databases by a web search, discussions
with a librarian from Heidelberg University and a Google Dataset search. The following
three databases were included, because they provide GHG emission reports of hospitals
worldwide: Eco Management and Audit Scheme (EMAS) Register, Sustainability Disclosure
Database, Carbon Disclosure Project. Available search features differed. We used the
appropriate filters available and added search terms (see Appendix B). To find reports
of EMAS-certified hospitals we searched via Google. If a report could not be found, we
contacted the responsible person named in the EMAS-database up to two times.

(2) Specific websites: University hospitals and hospital companies were of special
interest to this review, as they play an important role in German patient care regarding the
number of patients treated. Moreover, university hospitals are research-oriented and often
pioneers in various fields, raising the expectation to be leading in climate change mitigation.
Furthermore, hospitals that participated in the project “KLIK–Klimamanager für Kliniken”
(“KLIK-Climate managers for hospitals”) were of particular interest as this project trained
hospital staff as climate managers and aimed at reducing German hospitals’ GHG emissions.
“KLIK” was funded by the German Federal Ministry for Environment, Nature Conservation
and Nuclear Safety from 2014 to 2016 [17]. For these reasons, we hand-searched websites of
35 full members of the Verband der Universitätsklinika Deutschlands e.V. [18], 10 hospital
companies each with more than 150.000 cases per year [19] and 44 websites of hospitals
that participated in the project “KLIK-Klimamanager für Kliniken” [20]. We searched for
potentially relevant documents by entering predefined search terms (see Appendix C) into
the websites search functions. If no search function was available, we did a Google search
using the hospital’s or company’s name and the search terms.

(3) Web search engines: We conducted searches in two popular web search engines:
Google (www.google.de) and Google Scholar (http://scholar.google.com/). A controlled
key word search is not possible in these engines. Consequently, we performed text searches
in the main search screens using different combinations of search terms (see Appendix D).
Moreover, Google filters results based on the geographic location, browser version and
previously entered search strings reducing reproducibility [21]. As it is impossible to screen
all retrieved results from Google search, we had to rely on the relevancy ranking bringing
the most relevant results to the top. We reviewed the first six pages of each search’s hits
(representing 60 results), using the title and the short text underneath. All hints on possible
relevant documents were followed up using Google. We decided to review six pages as it
seemed to capture many of the most relevant hits while still being feasible to screen.

Table 1 gives an overview on the search steps and related number of hits of hospitals
with GHG emission reports and on hits of hospitals with GHG emission reports meeting
the inclusion criteria. Duplicates are only mentioned once in the first place, in which they
were found.

www.google.de
http://scholar.google.com/
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Table 1. Overview on hits within the peer-reviewed and grey literature searches.

Source Hospitals with GHG
Emission Reports

Hospitals for Detailed
Analysis

Peer-reviewed literature

Scopus 0 0

PubMed 0 0

Web of Science 0 0

Specific databases

Eco Management and Audit
Scheme register 49 49

Sustainability Disclosure Database 0 0

Carbon Disclosure Project 0 0

Targeted websites

Websites of all full members of “Verband
der Universitätsklinika

Deutschlands e.V.”
2 2

Websites of hospital companies with
more than 150,000 cases/year 175 5

Websites of hospitals that participated in
“KLIK–Klimamanager für Kliniken” 0 0

Web search engines
Google 6 6

Google Scholar 0 0

Total 232 62

Search terms within identified documents: As the reviewed documents generally do
not have an abstract, we predefined search terms based on our knowledge of the literature
(see Appendix E) to enter into the Adobe Acrobat search function. In about 10% of the
documents, the search function did not work (e.g., because the documents were saved
pictures without OCR), so we scanned the table of content for promising chapters. Full text
reading was impossible, as the documents comprised too many pages (e.g., as they are
general annual reports of hospitals).

Inclusion and exclusion criteria for further analysis: Within the research team we
defined inclusion and exclusion criteria (see Table 2), which were important for the fur-
ther analysis of the reports. For instance, combined GHG emission data for hospitals,
ambulatory healthcare centers and prevention centers were not eligible for further anal-
ysis because ambulatory healthcare centers and prevention centers are known to show a
different distribution of GHG emissions to emission sources [12].

Data extraction: We extracted data on the hospital’s name, reporting year, reporting
unit (CO2 or CO2 equivalents), considered emission sources, the main emission source,
and mention of the Scope concept. To extract complementary data (number of beds,
ownership) on the included hospitals, we used the Deutsches Krankenhaus Verzeichnis [22]
or performed an additional Google search.

Validation: As described above, conducting a grey literature review is less comprehen-
sive than a conventional systematic literature review. To validate our grey literature search
plan, we identified all hospitals in the German federal state of Saarland via Deutsches
Krankenhaus Verzeichnis [22]. The search strategy for these 24 hospitals was the same as
for targeted websites. We decided to choose the Saarland as the number of hospitals was
feasible to hand-search. The validation was successful, because the website search did not
bring up a new hospital.
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Table 2. Inclusion and exclusion criteria for further analysis.

Category Inclusion Criteria Exclusion Criteria

Type of Facility • Hospital

• Health institution other than hospital (e.g., day clinics,
ambulatory healthcare centers, rehabilitation facilities)

• Combined data for hospitals and other health institutions,
so it is impossible to identify the emissions of the
hospitals

Country • Germany • Other

Language • English, German • Other

Presented numbers
• Absolute numbers presented on GHG

emissions (e.g., CO2, N2O, CH4) of
hospitals

• No absolute numbers on GHG emissions (e.g., CO2, N2O,
CH4) (only graphs without numbers)

• Reports on emissions reduction without giving
information on status quo of GHG emissions

Year of reporting • ≥2000 • <2000

3. Results
3.1. All German Hospitals with GHG Emissions Reports

We found 232 hospitals with any kind of GHG emission reporting. These are 12%
(232 of 1925) of all German hospitals [23]. More than three quarter of hospitals (78%) with
GHG emissions reports are in private, 18% in public and 4% in non-profit ownership. In
contrast, with regard to all German hospitals, 37% are privately, 29% publicly and 34% are
non-profit owned. Consequently, in relation to the total number of hospitals in a given
ownership, GHG emission reports exist for 25% of all private hospitals, but only for 8% of
public hospitals and even only for 1% of non-profit hospitals.

Only 62 hospitals meet the inclusion criteria for further analysis (see Table 2). These
are 3% of all German hospitals. A full list of included hospital can be found in Appendix F.
The 170 hospitals which report GHG emissions, but do not meet the inclusion criteria,
present combined GHG emission data for hospitals, ambulatory healthcare centers and
prevention centers of the Helios or Asklepios company [24,25].

3.2. Further Analysis of 62 Hospitals with GHG Emission Reports Meeting the Inclusion Criteria
3.2.1. Size of Hospitals

GHG emissions reports meeting the inclusion criteria can be found for hospitals of
different sizes, varying from 25 to 3011 beds. The median number of beds is 335. In
absolute figures, hospitals of different sizes are similarly strongly represented. However,
regarding the share of hospitals with GHG emissions reports depending on size, hospitals
with >500 beds tend more towards GHG emissions reporting (7.9%) compared to hospitals
with <500 beds (2.2%).

3.2.2. Location of Hospitals

Within Germany, there are differences regarding the share of hospitals with GHG
emissions reports meeting the inclusion criteria. This share ranges from 0–14% coverage of
hospitals, depending on the federal state. Compared to the total number of hospitals in
each federal state, the Free Hanseatic City of Bremen has the highest reporting rate (2 of
14 hospitals, equaling 14%), followed by Bavaria (28 of 354 hospitals, equaling 8%) [22].

3.2.3. Reporting Framework

Most of the hospitals meeting the inclusion criteria for further analysis (81%) are
or were certified by the Eco Management and Audit Scheme (EMAS). EMAS is a voluntary
management instrument developed by the European Commission for companies or other
organizations to assess, report and improve their environmental performance [26]. In
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general, EMAS is not sector-specific. However, for some sectors sectoral reference doc-
uments (e.g., tourism, agriculture) exist, but not for the health sector [27]. Since EMAS
addresses various environmental aspects, core indicators are energy efficiency, material
efficiency, water, waste, biodiversity and emissions. Although EMAS demands GHG emis-
sions reporting, it does not offer a methodology but references European or international
standards [26]. Consequently, EMAS-certified hospitals apply different methodologies that
are often not specified. One included hospital (2%) follows the Global Reporting Initiative,
although it is not officially certified by this initiative. The Global Reporting Initiative offers its
reporting standards for various environmental aspects, including GHG emissions, free of
charge. Like EMAS, the Global Reporting Initiative does not offer a hospital-specific standard.
Out of the included hospitals, 18% do not follow a reporting standard.

3.2.4. Reported Greenhouse Gases

Sixty percent of the reports include CO2 as the only GHG in their GHG emission
reporting. Forty percent of the hospitals also include other GHGs (e.g., methane (CH4),
nitrous oxide (N2O) and hydrofluorocarbons (HFCs)).

3.2.5. Reported Scopes

The GHG protocol is a well-established and widely used standard for GHG emissions
reporting in many sectors, including the health sector [28]. The GHG protocol distinguishes
three Scopes [29]:

• Scope 1 comprises direct GHG emissions from sources that are owned or controlled
by the company, e.g., emissions from combustion in owned or controlled boilers or
vehicles.

• Scope 2 comprises indirect GHG emissions from purchased electricity, steam, heating
and cooling consumed by the company.

• Scope 3 comprises all other indirect emissions due to activities of the company not
included in Scope 2. These emissions occur from sources not owned or controlled by
the company, e.g., upstream (extraction and production) and downstream (disposal)
of purchased materials.

GHG emissions from Scope 1 and 2 are included by 95% and 90% of the hospitals
in their reports, respectively. None of the include hospitals takes Scope 3 emissions into
account (see Figure 2). Two hospitals do not specify the included emission sources (n/s),
so no attribution to Scope 1–3 was possible. Ten percent of the hospitals refer to the scope
concept of the GHG protocol.

Figure 2. Percentage of reported Scopes for all included GHG emission reports (62 hospitals).
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3.2.6. Reported Emissions Sources

Among Scope 1 and 2 emissions, electricity (90%), natural gas (77%) and heating
oil (65%) are the emission sources reported most commonly. Fewer hospitals report
GHG emissions of company vehicles (40%), district heating (34%), refrigerants (16%)
and anesthetic gases (2%) (see Figure 3). Other reported emissions sources are bio heat
(cold-heat-coupling) and cold-water supply, both attributable to Scope 1 and 2 as well. On
average, hospitals include 3.6 different emission sources. The median is 4.

Figure 3. Percentage of reported emission sources for all included GHG emission reports (62 hospitals).

It is important to mention, that “reported emission sources” refers to all emission
sources that were considered by the hospital’s GHG emissions report, regardless of whether
the source actually emitted GHG or not, e.g., renewable electricity does not lead to GHG
emissions.

About half of the included hospitals (53%) do not specify their main emission source.
Besides that, either electricity (21%) or natural gas (24%) are the main emission source.

4. Discussion
4.1. Gaps in GHG Emissions Reporting

This review identified four serious gaps in GHG emissions reporting of German
hospitals:

1. Small proportion of hospitals with GHG emissions reporting
2. Incomplete reporting on Scope 1 and 2 emission sources
3. No reporting on Scope 3 emission
4. Frequent omission of GHG other than CO2

(Gap 1) Small proportion of hospitals with GHG emissions reporting

We only found 232 out of 1925 (12%) German hospitals reporting their GHG emissions.
For many of these hospitals, GHG emissions were presented as combined data for hospitals
and other health institutions (e.g., rehabilitation facilities, day clinics). Only 62 (3%) German
hospitals have reports, which refer specifically and transparently only to hospitals. Thus,
there is a clear under-reporting.

(Gap 2) Incomplete reporting on Scope 1 and 2 emission sources

Hospitals do not report their Scope 1 and 2 emissions in sufficient detail. On average,
the hospitals include three to four emission sources. For instance, electricity and natural gas
are considered by more than three-quarters. On the contrary, emissions from companies’
vehicles, district heating, anesthetic gases and refrigerants are only considered by less
than 50%. However, these are also relevant contributing emission sources that should be
considered [12,30]. In addition, more than half of the included hospitals do not specify
their main emission source. In doing so, they disregard the second step (“identifying
emission sources with greatest impact”) of the four-step concept to reduce climate impact
of healthcare as formulated by the CLIRE project. However, this step is crucial for the
development of targeted and efficient mitigation strategies [15].
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(Gap 3) No reporting on Scope 3 emissions

None of the hospitals reports Scope 3 emissions which are indirect GHG emissions
occurring up- and downstream of hospitals e.g., along supply and disposal chains of
purchased goods. However, Scope 3 emissions are responsible for the lion’s share (66%)
of the German health sector’s GHG emissions [5]. For example, pharmaceuticals are an
important Scope 3 emission source [12,31,32] that is currently excluded. Consequently,
existing reports are incomplete. They do not deliver a robust basis for efficient and tar-
geted mitigation measures. Moreover, it should be noted that the exclusion of Scope 3
emissions can create false incentives. Buying sterilized or laundered goods, for example, is
a possibility to outsource energy-intensive services. If Scope 3 emissions are not included,
outsourcing will falsely lead to a reduction of the reported GHG emissions of a hospital.

(Gap 4) Frequent omission of GHG other than CO2

About two-thirds of the hospitals only report CO2 leaving other GHG (e.g., methane,
nitrous dioxide) out of their consideration although they account for 12% of the general
German GHG emissions [33]. For hospitals, other GHG are of particular importance
as amongst others anesthetic gases are important emission sources of e.g., N2O. This is
neglected when excluding them [30,34].

4.2. Discussion of Reasons for the Existing Gaps

In Germany, no legal obligation for hospitals to report their GHG emissions exists.
Our investigation has shown that only a few German hospitals report their GHG emissions
on a voluntary basis. Those who do are mainly hospitals of the private sector. Climate
Change and GHG emission reporting is increasingly considered in Corporate Social Re-
sponsibility Reports in the private sector and used as a tool to create a positive image and
protect legitimacy of the private company [35]. Looking at a quote of Tedros Adhanom
Ghebreyesus, Director General of the World Health Organization, it becomes clear that
hospitals indeed have a reason to report on their impacts on health-threatening climate
change, as “Places of healing should be leading the way, not contributing to the burden
of disease” [36]. Yet, so far it seems that this motivation for GHG emission reporting is
not a sufficient incentive for the lion’s share of German hospitals. That might be the case,
because the health sector is not yet as present as a perpetrator of climate change in public
debate as is, for instance, the aviation sector.

Furthermore, voluntary reporting of GHG emissions is linked to various barriers. The
main problems hospitals face with regard to EMAS are the high initial effort required for
registration, as well as a lack of knowledge and staff awareness [37]. Moreover, hospitals
are challenged to balance the patients’ needs alongside financial and environmental issues,
such as GHG emissions reporting [38]. Among these issues, the environmental one often
has the lowest priority [39,40].

Since there is neither a legal obligation for GHG emissions reporting, nor a guideline,
the existing reports are heterogeneous and insufficient. About 80% of the hospitals report-
ing GHG emissions are EMAS-certified, an environmental management system covering a
broad range of aspects. EMAS can improve overall environmental performance. However,
there is no robust and comprehensive guideline for GHG emissions reporting of hospitals
since gaps 2 to 4, as this review has shown, remain.

Moreover, a lacking awareness could be a reason for the existence of these gaps.
This can be especially assumed for insufficient specification of the main emission source:
Although this information should principally be available because it is ascertained during
the data collection process, it is often not published.

Regarding gap 3, the assessment of Scope 3 emissions can be complex and difficult
for multiple reasons. On the one hand, including Scope 3 emission can require expert
knowledge that might not be available in hospitals. On the other hand, primary data on
supply chains might be scarce and suppliers might not want or be able to disclose the
requested data [41].
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4.3. Policy Recommendations

To our knowledge, this is the first study to investigate GHG emissions reporting of
German hospitals. The presented results lead us to the following recommendations for
future policy:

(1) A legal obligation for German hospitals to report GHG emissions should be intro-
duced (addressing gap 1).

As pointed out, there is no legal obligation in Germany and only few hospitals
report their GHG emissions (gap 1). On the contrary, hospitals in France are included
in the decree no. 2011-829 relating to the GHG emissions reporting and the territorial
climate-energy plan [42]. Following this decree, hospitals of a certain size as legal entities
have to report direct and indirect emissions emitted by the use of electricity, heat or
steam. This corresponds to a partial coverage of Scope 1 and 2. The inclusion of further
emission sources is recommended. Data generated through a legal obligation, such as
the amount and sources of GHG emissions, would be the starting point for the urgently
needed reduction of GHG emissions by hospitals [43,44]. The need for robust data is also
emphasized by the German Conference of Health Ministers in 2020 [45].

Currently, the German health sector is responsible for 6.7% of the national GHG
emissions with hospitals being a main contributor [4,12]. Without the COVID-19 recession,
Germany would not have met its 2020 climate protection target. Massive economic slumps
were the main factor reducing GHG emissions in 2020, rather than progress in climate
policy [46]. Consequently, it is assumed to be only a temporary reduction [46]. This
emphasizes the need for all sectors, including the health sector, to exhaust all possibilities
to reduce GHG emissions. As the English National Health Service has demonstrated,
considerable progress can be made in reducing a health sector’s GHG emissions, especially
in hospitals [47]. Consequently, reducing GHG emissions of German hospitals could
contribute to meeting national targets with respect to the Paris Agreement, the European
Green Deal and the German Federal Climate Change Act.

So far, the health sector has not been held responsible for its GHG emissions, either
by the Intended Nationally Determined Contribution of the EU and its Member States
to the Paris Agreement (international level), nor by the European Green Deal (European
level), nor by the German Federal Climate Change Act and the related Climate Action Plan
2050 (national level). In contrast, these policies clearly define the GHG reduction targets
for other sectors (energy, industry, transport, buildings, agriculture) [7,8,48,49]. Moreover,
they draw the line between climate change and its impacts on human health, but they fail
to see the health sector as a perpetrator and to hold it responsible.

Nonetheless, the health sector itself is becoming increasingly aware of its own re-
sponsibility: In England, the National Health Service does not rest on appearing as a
cross-sectional sector in the explicitly mentioned sectors (energy, industry, transport, build-
ings, agriculture). In October 2020, the English National Health Service was announced as
the first national health sector to become climate neutral by 2045 [47]. In Germany, the 93rd

German Conference of Health Ministers calls on the health sector to collect and evaluate
climate- and energy-relevant data of hospitals, to take mitigation measures derived from
these data and to see this as a permanent task of the health sector [45].

(2) A standardized methodology for GHG emissions reporting of hospitals should be
provided (addressing gaps 2 to 4)

As demonstrated, there is no standardized methodology for GHG emissions reports
of German hospitals, and the existing reports are incomplete and unrepresentative of the
assumed GHG emissions (gaps 2 to 4). It is neither reasonable nor expectable that each
hospital will develop its own methodology. Consequently, a standardized methodology
should be provided which comprehensively considers Scope 1, 2 and 3, is tailored to
hospitals and allows the comparison of different hospitals and over time.

In France, the Agency for Ecological Transition (Agence de la transition écologique)
published a guide for healthcare facilities to support their GHG emissions reports on
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obligatory (Scope 1 and 2) and recommended emission sources (additional Scope 1 and 2
emission sources and Scope 3) [43]. This guide could be a starting point for the development
of a guide including a standardized methodology for German hospitals.

If international, European or national policies would follow the model of the English
National Health Service and set an ambitious GHG reduction target for the health sector, a
legal obligation and a standardized methodology for GHG emissions reporting could be
an important instrument for monitoring compliance. Moreover, this could be the basis for
penalty payments for excess GHG emissions comparable to the existing regulations for the
automobile industry on a European level [50].

4.4. Research Recommendations

As for research, the development of a standardized methodology for GHG emissions
reporting should be supported and continuously updated. The definition of achievable
reduction targets for the health sector and the creation of related pathways should also
be supported. That means that concrete measures to reduce GHG emissions in hospitals
need to be developed, implemented and evaluated. There are several studies showing that
reducing GHG emissions in the health sector can also lead to substantial direct health co-
benefits. For instance, serving plant-based meals for patients and staff instead of red meat
can reduce GHG emissions and the individual risk of colorectal cancer [51,52]. Furthermore,
rational use of medication reduces over-prescription reduces not only GHG emissions,
but also costs and unintended side-effects [53]. Yet, the effects of such GHG reduction
measures with health co-benefits need further investigation. Moreover, a detailed estimate
of the GHG emissions of the German health sector should be conducted following the
examples of England or Austria [12,30].

4.5. Strengths and Limitations

This review has shown that it is valuable to break new ground regarding the search
strategy because grey literature is an important data source. Only our novel approach gave
us the opportunity to answer our research questions and contribute to the discourse on
climate change and the health sector—the focus on peer-reviewed literature would not have
made this possible. However, the characteristics of grey literature make a comprehensive
search difficult. The validation search showed that the developed search strategy was
successful in finding relevant data. Nonetheless, we may have missed German hospitals
with published GHG emissions reports.

We did not compare hospitals in terms of absolute GHG emissions (in tons) for the
following reasons: First, a quality assessment of the provided data was impossible, because
many hospitals did not provide information on the methodology used for their GHG
emission reports. Second, the comparability is limited since hospitals considered a variable
number of GHG emission sources. Third, the reports refer to different years, ranging from
2008 to 2019. In sum, this underlines all the more the need for a standardized methodology
for GHG emission reporting by hospitals in Germany and elsewhere.
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Appendix A

Table A1 shows the search terms used for the different databases providing peer-
reviewed literature.

Table A1. Search terms for data bases providing peer-reviewed literature.

Database Search Terms Relevant Hits

Web of Science

TS = ((“hospital”) OR (“health care facility”) OR
(“healthcare facility”) OR (“infirmary”)) AND TS
= ((“carbon footprint”) OR (“CO2 emission”) OR
(“climate footprint”) OR (“greenhouse gas”) OR
(“greenhouse gas inventory”) OR (“greenhouse
gas emission”) OR (“greenhouse gas protocol”))

0

PubMed

((“hospital”) OR (“health care facility”) OR
(“healthcare facility”) OR (“infirmary”)) AND
((“carbon footprint”) OR (“CO2 emission”) OR

(“climate footprint”) OR (“greenhouse gas”) OR
(“greenhouse gas inventory”) OR (“greenhouse
gas emission”) OR (“greenhouse gas protocol”))

0

Scopus

TITLE-ABS-KEY(((“hospital”) OR (“health care
facility”) OR (“healthcare facility”) OR

(“infirmary”)) AND ((“carbon footprint”) OR
(“CO2 emission”) OR (“climate footprint”) OR

(“greenhouse gas”) OR (“greenhouse gas
inventory”) OR (“greenhouse gas emission”) OR

(“greenhouse gas protocol”)))

0

Appendix B

Table A2 shows the different databases which were consulted and the filters which
were applied.

Table A2. Specific databases and with the applied filters.

Name Filters Hits Relevant Hits URL

Sustainability Disclosure
Database

• Sector: health care services AND
• Report type: GRI–G3

(Environmental Standards, GRI 305
= emissions) AND

• Country: Germany
• (without country filter: 63 hits)

0 0
https://database.

globalreporting.org/
search/

Eco Management and
Audit Scheme (EMAS)

• NACE: 86.10 (hospital activities)
• Country: Germany 33

28
(some hits comprise

several hospitals→ 49
EMAS certified hospitals

included)

https://webgate.ec.
europa.eu/emas2

/public/registration/list

Carbon Disclosure Project
(CDP)

• Country: Germany
• Program: Climate Change
• Search terms: hospital, clinic,

infirmary

12 0

https://www.cdp.net/
en/responses?utf8=%E2

%9C%93&queries%
5Bname%5D=

Appendix C

Table A3 shows the different search terms that were used for the different website
categories.

https://database.globalreporting.org/search/
https://database.globalreporting.org/search/
https://database.globalreporting.org/search/
https://webgate.ec.europa.eu/emas2/public/registration/list
https://webgate.ec.europa.eu/emas2/public/registration/list
https://webgate.ec.europa.eu/emas2/public/registration/list
https://www.cdp.net/en/responses?utf8=%E2%9C%93&queries%5Bname%5D=
https://www.cdp.net/en/responses?utf8=%E2%9C%93&queries%5Bname%5D=
https://www.cdp.net/en/responses?utf8=%E2%9C%93&queries%5Bname%5D=
https://www.cdp.net/en/responses?utf8=%E2%9C%93&queries%5Bname%5D=
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Table A3. Search terms that were used for the different websites.

Website Category Search Terms Relevant Hits

Websites of the 35 German
University Hospitals

• Nachhaltigkeit
• CO2-Emission
• Treibhausgas
• Umweltschutz
• Klimaschutz
• Fußabdruck

2

Websites of 10 hospital companies
(with >150,000 cases/year)

• Nachhaltigkeit
• CO2-Emission
• Treibhausgas
• Umweltschutz
• Klimaschutz
• Fußabdruck

5

Websites of hospitals that
participated in the project

“KLIK–Klimamanager für Kliniken”

• Nachhaltigkeit
• CO2-Emission
• Treibhausgas
• Umweltschutz
• Klimaschutz
• Fußabdruck
• KLIK

0
(after excluding

EMAS-certified hospitals,
university hospitals and

hospital companies)

Appendix D

Table A4 shows the search terms that were used for the different web search engines.

Table A4. Search terms used for the different web search engines.

Web Search Engine Search Terms Relevant Hits

Google German

• Treibhausgasemissionen Krankenhaus
• CO2 Emissionen Krankenhaus
• Emission Krankenhaus
• Treibhausgasbilanz Krankenhaus
• CO2 Fußabdruck Krankenhaus
• Umwelterklärung Krankenhaus
• Umweltbericht Krankenhaus
• Treibhausgasemissionen Klinik
• CO2 Emissionen Klinik
• Emission Klinik
• Treibhausgasbilanz Klinik
• CO2 Fußabdruck Klinik
• Umwelterklärung Klinik
• Umweltbericht Klinik

6
(after excluding EMAS-certified hospitals,

university hospitals and hospital
companies)

Google English

• sustainability report hospital
• greenhouse gas protocol hospital
• carbon footprint hospital
• environmental report hospital
• environmental audit hospital
• Sustainability Development Management hospital
• sustainability plan hospital
• carbon footprint hospital
• Carbon audit hospital

0
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Table A4. Cont.

Web Search Engine Search Terms Relevant Hits

Google Scholar

• “Carbon footprint” AND “hospital OR healthcare
facility”

• “Greenhouse gas emissions” AND “hospital OR
healthcare facility”

• “climate footprint” AND “hospital OR healthcare
facility”

• “Greenhouse gas assessment” AND “hospital OR
healthcare facility”

• “Greenhouse gas” AND “hospital OR healthcare
facility”

• “Emission” AND “hospital OR healthcare facility”
• “Greenhouse gas inventory” AND “hospital OR

healthcare facility”
• “Greenhouse gas protocol” AND “hospital OR

healthcare facility”
• “co2 emission” AND “hospital OR healthcare

facility”
• “carbon emission” AND “hospital”
• “carbon emission” AND “hospital OR healthcare

facility”

0

Appendix E

Table A5 shows the different search terms that were used within included GHG
emissions reports.

Table A5. Search terms used within included GHG emissions reports.

• Emission
• CO2
• Scope
• Fußabdruck
• Kohlenstoff
• Treibhausgas
• THG

Appendix F

Table A6 shows all hospitals that met the inclusion criteria and were consequently
included in the further analysis.

Table A6. Hospitals meeting the inclusion criteria for further analysis.

Names of the Hospitals Meeting the Inclusion Criteria

Bezirkskrankenhaus Günzburg [54]

Bezirkskrankenhaus Kaufbeuren [55]

Charité Berlin [56]

DIAKO Bremen [57]

DRK Klinikservicegesellschaft Sachsen mbH (Standort: DRK Krankenhaus Chemnitz-Rabenstein) [58]

DRK Klinikservicegesellschaft Sachsen mbH (Standort: DRK Krankenhaus Lichtenstein) [58]

Evangelische Krankenhaus Köln-Weyertal [59]
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Table A6. Cont.

Names of the Hospitals Meeting the Inclusion Criteria

Fachklinik Heiligenfeld [60]

Klinikum Idar-Oberstein–SHG-Kliniken [61]

Katholische Kliniken Emscher-Lippe: St. Antonius-Krankenhaus [62]

Katholische Kliniken Emscher-Lippe: St. Barbara-Hospital [62]

Katholische Kliniken Emscher-Lippe: St. Josef-Hospital [62]

Klinik Heiligenfeld Standort Uffenheim [60]

Klinik Heiligenfeld Standort Waldmünchen [60]

Kliniken Landkreis Heidenheim gGmbH [63]

Klinikum Bremen Mitte [64]

Klinikum Chemnitz gGmbH [65]

Klinikum Kulmbach [66]

Klinikum Landsberg am Lech [67]

Klinikum Oldenburg [68]

Klinikum Penzberg [69]

Klinikum Saarbrücken [70]

Klinikum Seefeld [69]

Klinikum Starnberg [69]

Klinikverbund Kempten –Oberallgäu Standort: Klinik Immenstadt [71]

Klinikverbund Kempten –Oberallgäu Standort: Klinik Oberstdorf [71]

Klinikverbund Kempten –Oberallgäu Standort: Klinik Sonthofen [71]

Klinikverbund Kempten –Oberallgäu Standort: Klinikum-Kempten [71]

Krankenhaus Rotthalmünster [72]

Krankenhaus Vilshofen [72]

Krankenhaus Wegscheid [72]

Kreisklinik Wolfratshausen gGmbH [73]

Luitpoldklinik Heiligenfeld [60]

LVR Klinik Bedburg-Hau [74]

LVR Klinik Bedburg-Hau Außenstelle: Sternbuschklinik Kleve [74]

LVR Klinik Bonn [75]

LVR Klinik Düren [76]

LVR Klinik Düsseldorf [77]

LVR Klinik Köln [78]

LVR Klinik Langenfeld [79]

LVR Klinik Viersen [80]

LVR Klinik Mönchengladbach [81]

LWL Klinik Lengerich [82]

LWL Klinik Münster [83]

München Klinik Standort Bogenhausen [84]

München Klinik Standort Harlaching [84]

München Klinik Standort Neuperlach [84]

München Klinik Standort Schwabing [84]

München Klinik Standort Thalkircher Straße [84]

Orthopädische Universitätsklinik Friedrichsheim [85]

Parkklinik Heiligenfeld [60]
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Table A6. Cont.

Names of the Hospitals Meeting the Inclusion Criteria

Rhön-Klinikum AG: Universitätsklinikum Gießen und Marburg, Standort Gießen [86]

Rhön-Klinikum AG: Universitätsklinikum Gießen und Marburg, Standort Marburg [86]

Rhön-Klinikum AG: Campus Bad Neustadt [86]

Rhön-Klinikum AG: Klinikum Frankfurt (Oder) GmbH [86]

Rhön-Klinikum AG: Zentralklinik Bad Berka GmbH [86]

Rosengarten Klinik Heiligenfeld [60]

Sankt Josef-Hospital Xanten [87]

St. Barbara-Klinik Hamm-Heessen GmbH [88]

Städtisches Klinikum Karlsruhe [89]

Städtisches Klinikum Karlsruhe: Psychiatrische Kliniken [89]

Universitätsklinikum Jena [90]
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