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Abstract
Health care presents significant contributions towards 
climate change. An awareness of a health systems carbon 
footprint provides a quantification of its environmental 
impact, an understanding of carbon intensive areas to target 
with reduction measures and a means of mapping trends 
in emissions over time. Attempts at calculating the carbon 
footprint of national health systems are few, predominantly 
of developed nations, and are limited by data availability and 
methodological inadequacies. There is a need to mobilise 
countries to understand the role of health care in contribut-
ing towards climate change and for them to start engaging in 
ongoing calculations of their national health system carbon 
footprints. There is also a need to improve data availabil-
ity and information systems to allow for such calculations, 
especially in developing countries where there may be 
differences in carbon hotspots. Finally, there is a need for 
continued improvements in the carbon footprint modelling 
methodology of health systems as data collection and avail-
able emission factors, especially of health care specific prod-
ucts and supply chain emissions, improves. Health systems 
need to join the global fight against climate change.
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1 | INTRODUCTION

Anthropogenic climate change has been repeatedly publicised as being the ‘biggest global health threat of the 21st 
century’. 1 Efforts to mitigate the effects of human activities on the climate and environment are occurring interna-
tionally and at multiple levels, although, arguably, they are not reducing global warming at the desired rate. As the 
health effects of climate change become more prevalent, health systems will begin to take strain as they are burdened 
with increasing volumes of patients as well as subjected to extreme weather events, water and energy insecurity and 
resource constraints. Indeed, much work is being done at present to improve the climate change resilience of health 
systems, especially in developing nations. 2-4 Although attention has been focused on preparing health systems for 
climate change, an often-neglected topic is the contribution of the health sector itself towards climate change. While 
other industries have been subject to policy and regulation surrounding their contribution to climate change, the 
health sectors contribution has, for the most part, been ignored, largely due to the nature of the service it provides, 
and the notion that contribution to climate change is a necessary cost of providing adequate health care. 5 This think-
ing has started to change, however, especially with the growing understanding of the harmful effects of health care 
on the environment.

Carbon footprint modelling is a tool that has been applied to countries, institutions, industries and individuals to 
determine the total greenhouse gas (GHG) emissions that are caused by an activity or product over its life stages. 6 
While it is not without its flaws, carbon footprint modelling is widely used, has a vast quantity of published meth-
odology on it and is a way to quantify the environmental impact of an activity and identify areas to target to reduce 
this impact. Its application in the health sector is fairly recent, but it has a large scope to aid policy makers, health 
care supply chain procurement, hospital managers and clinical practitioners to develop novel solutions to reduce 
the climate change contributions of health care. Successful decarbonisation strategies require national-level health 
sector data on GHG emissions. This analysis piece discusses the current research on carbon footprint modelling of 
national health systems, the opportunities that awareness of a health systems carbon footprint provides, challenges 
to determining such a carbon footprint and recommendations for further research.

2 | NATIONAL HEALTH SYSTEM CARBON FOOTPRINTS

At the time of writing, six countries have calculated their national carbon footprint while other researchers have 
modelled the carbon footprint of the Organisation for Economic Co-operation and Development (OECD) countries, 
India and China (Figure 1). 7-13 The United Kingdom (UK) presents one of the most established measurements of their 
health system, the National Health Service's (NHS), carbon footprint. Indeed, the NHS's Sustainable Development 
Unit began measuring its carbon footprint in 2008 and has been doing so since. A recent study by Tennison et.al., 
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used hybrid modelling to measure the emissions from the NHS between 1990 and 2019. 7 They found that in 2019, 
the NHS produced 25 megatonnes of carbon dioxide equivalent (CO2e) of which the largest proportion of emissions 
came from the supply chain (62%), delivery of care (24%) and travel to the NHS (10%). 7 Its per capita emissions are 
540 kg CO2e. 7 They calculated that emissions had decreased by 26% from 1990, largely due to decarbonisation of 
the health system, phasing out of chlorofluorocarbon propellants in inhalers and improvement of technology. 7

The carbon footprint of the American (USA) health system was calculated by Chung and Meltzer in 2009. 8 
They found that the health sector contributed 546 million metric tons CO2e, representing 8% of total national GHG 
emissions, of which 39% was due to hospital activities with 14% due to prescription pharmaceuticals. 8 In 2020, 
Eckelman et.al., performed economy-wide modelling and found that GHG emissions of the USA health system were 
1692 kg CO2e per capita in 2018 and had risen by 6% between 2010 and 2018. 14 Eckelman et.al., also used an 
economic-environmental-epidemiological modelling framework to determine that Canada's health system produced 
33 million tonnes of CO2e in 2014, accounting for 4·6% of national emissions, with hospitals and pharmaceuticals, 
again, contributing the most. 9

Malik et.al., calculated the Australian health systems carbon footprint between 2014 and 2015 finding that it 
contributed 35,772 kilotonnes CO2e, representing 7% of the country's total emissions. 10 Public hospitals and phar-
maceuticals were the main contributors to emissions. To put it into perspective, the authors noted that ‘the CO2e 
emissions of health care were about half those of the construction of every single building, house, pipeline, dam, oil 
rig, road and rail line in Australia in 2014 to 2015’. 10

The carbon footprint of the Chinese health system was calculated by Wu in 2012 and was found to produce 315 
megatonnes of CO2e, or 2·7% of China's total emissions. 11 Similar to the previous studies, public hospitals (47%) and 
non-hospital pharmaceuticals (18%) were the largest contributors. Overall, pharmaceuticals contributed 55% of the 
total carbon footprint. 11

The last country that has currently published a carbon footprint of their health system is Japan. Nansai et. al., 
calculated Japan's carbon footprint in 2011 to be 62·5 × 10 6 metric tonnes of CO2e which was 4·6% of their total 
national emissions. 12 They demonstrated an increase of over 15% of total emissions to 72·0 metric tonnes CO2e by 
2015. 12 They also found that medical care and pharmaceuticals are the main contributors with the prescription of 
unused medication resulting in 1·24 metric tonnes CO2e of avoidable emissions. 12

In addition to the above calculations of individual health system carbon footprints, another group of research-
ers, Pichler et.al., estimated the CO2e emissions of health systems in all OECD countries, China and India between 
2000 to 2012. 13 They found that the largest producers of GHG emissions related to health systems were China, 
USA, Japan, India and Germany, while the contribution of the health systems of the countries in the study was 4·4% 
of global GHG emissions in 2014. 13 If the carbon footprints of the Chinese and the American health systems were 
considered as countries, they would rank 10th and 14th globally, and the health sector was found to be the largest 
contributor towards national carbon footprints in most countries. 13 Medical retail, hospitals and ambulatory health 
services were the health care areas that contributed the most towards GHG emissions, with 38% of emissions due to 
electricity and water use, 22% associated with transport and 10% from the pharmaceutical and chemical industries. 13 
Of note, the contribution to national carbon footprints of the UK, USA, Canada, Japan, China and Australia differed 
between the individual studies on these countries health system carbon footprint and the carbon footprint calculated 
by Pichler et.al. This is testimony to the methodological differences in calculating carbon footprints and the value of 
access to sufficient data to enable a thorough calculation.
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3 | OPPORTUNITIES OF NATIONAL HEALTH SECTOR CARBON FOOTPRINT 
MODELLING

The carbon footprint modelling discussed above provides insight into the extent of the environmental impact of 
health systems and determines the areas of health care, at a country-specific level, that have the largest impact. 
The opportunities that this information provides are massive. As an example, by routinely performing carbon foot-
print assessments of their health system, the NHS have been able to identify carbon intensive areas and implement 
measures to reduce it. This includes strategies such as increasing on-site renewable energy, water efficiency projects, 
phasing in electric ambulances, engaging in low-carbon procurement policy, phasing out chlorofluorocarbon propel-
lants in inhalers and investing in sustainable technologies. 7 In addition, knowledge of the carbon footprint breakdown 
of the NHS and other health systems has provided researchers with areas in which to expand on more nuanced analy-
ses of the environmental impact of health care. For example, equipped with the knowledge of national health system 
carbon footprints and health care specific modelling methodology, researchers have undertaken focused carbon 
footprint analysis of health care facilities, of medical disciplines, of medical procedures, of specific clinical conditions 
and care pathways and of medical equipment. 15-23 Some researchers have taken this to the next level and estimated 
the reduction in carbon footprint by implementing certain interventions, usually which span multiple disciplines, such 
as energy and water savings methods, switching to reusable medical equipment, using alternative treatment options 
or employing new technology in health care. 24-34

4 | CHALLENGES TO CARBON FOOTPRINT MODELLING

Unfortunately, carbon footprint modelling is often an expensive, highly skilled and time-consuming process, espe-
cially at a national level. The fact that so few countries have engaged in modelling their health systems carbon 
footprint, is likely a result of challenges to calculating it at this level as well as a lack of realisation of its importance.

A carbon footprint can be calculated using process analysis, environmental input-output analysis or a hybrid 
approach. The GHG Protocol by the World Resources Institute and World Business Council for Sustainable Develop-
ment, 2000, was the first standard to define carbon footprinting and is the basis for carbon footprinting standards. 35 
It defines three scopes in the framework of carbon footprinting; (a) scope one: direct emissions, for example, fuel 
used in personal vehicles or gas used in generators; (b) scope two: indirect admissions, for example, purchased elec-
tricity and heat; and (c) scope three: other indirect emissions, for example, from purchased products, waste disposal 
and public transportation. 35 A thorough carbon footprint model includes all three scopes, however, while scope one 
and two data may be readily available, accessing scope three data can be a challenge.

The NHS's methodology for calculating their health systems carbon footprint is probably the most advanced. 
Table 1 shows a comparison between the areas included in the calculation of the NHS's carbon footprint and the 
recommended scopes of the GHG Protocol. The NHS makes use of hybrid analysis, using a bottom-up approach for 
scopes one and two and a top-down approach for scope three. 7 This contrasts with Pichler et.al., who only utilised a 
top-down approach using environmental input-output modelling of health care expenditure data. 13 Often it is only 
possible to do a top-down analysis and while this still provides some insight into the issues, it must be analysed with 
an understanding of its limitations.

Calculating the carbon footprint of a health system also requires the development of very specific methodology 
and categories of emissions. For example, unique to the health system is the use of anaesthetic gases and metre 
dose inhalers. Both of these required researchers to determine specific emission factors for these products; research 
which has now been included by the NHS in their carbon footprint assessment. 31,36 Health systems also have unique 
scope three emissions, including pharmaceutical agents and medical equipment. Scope three is challenging for all 
industries to determine, as it requires the entire supply chain to produce data on their emissions, often of specific 
products. Most of health care's supply chain has only recently started calculating their emissions, as can be seen from 
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exploring the websites of pharmaceutical companies, medical device companies and other health care suppliers. 
Many still do not have data. In addition, it is often challenging for suppliers to calculate their emissions at the level of 
an individual product as the methodology for such a calculation is sparse. This is particularly true for pharmaceutical 
agents, as, although research has started to investigate this, the emission factors and methodology to capture the 
entire life cycle of conversion of active pharmaceutical ingredients into a pharmaceutical product is lacking. 37-40

One of the biggest limiting factors to calculating a national-level carbon footprint of a health system is the lack 
of available data. This is especially true of developing countries. This is a huge gap in the research and knowledge 
of the area, as all the national carbon footprint assessments of health systems have been performed in developed 
countries. It is possible that there may be different areas of high carbon intensity in developing health systems as 
opposed to developed ones. Indeed, while developing countries may be more frugal with their resource use as a 
result of resource scarcity, and thus may have a lower carbon footprint in this area, most developing countries still 
rely on coal-based energy which would result in a higher carbon footprint in this area. Developing health systems may 
not prioritise environmental issues as they are burdened with an immense number of other issues, however, climate 
change is inevitably going to impact on developing countries more. Developing countries need to start engaging, both 
with how they can increase the resilience of their health systems, but also how they can improve them to function at 
a lower carbon intensity which is invariably cheaper, uses fewer resources and has health benefits for staff, patients 
and communities.

BOOTH

NHS emission categories GHG protocol scopes

Scope 1 On-site fossil fuel use Direct emissions from sources owned or controlled by 
the companyAnaesthetic gases

Fleet and leased vehicles

Scope 2 Purchased electricity Indirect emissions from generation of purchased energy

Scope 3 Water and waste Purchased goods and services

Metred dose inhalers Emissions from capital goods

Business travel Emissions from fuel and energy

Staff commute Upstream transportation and distribution

Pharmaceuticals and chemicals Waste generated in operations

Medical equipment Business commuting

Non-medical equipment Employee commuting

Business services Upstream leased assets

Food and catering Downstream transportation and distribution

Commissioned health services Processing of sold products

Other procurement Use of sold products

End of life treatment of sold products

Downstream leased assets

Franchises

Investments

Non-protocol Patient travel
Visitor travel

Abbreviations: GHG, greenhouse gas; NHS, National Health Service's.

T A B L E  1   A comparison of NHS emission categories and GHG Protocol scope categories
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5 | RECOMMENDATIONS

There is a need for all countries to calculate the carbon footprint of their health systems in order to implement 
targeted measures to reduce it. As all health systems function differently, it is not possible to make anything more 
than a general comparison about a health system's carbon hotspots based on another country's carbon footprint 
assessment. In order to determine a country's health systems carbon footprint, there needs to be more investment in 
bottom-up data collection and an improvement in information systems. Like the NHS, countries should also perform 
repeat carbon footprint modelling of their health systems in order to obtain a trend and map areas where there 
is improvement and areas where there is a need for ongoing intervention. Countries need to invest in measures 
to decarbonise their health systems which will, in the long term, offer both financial and environmental benefits. 
Individuals performing carbon footprint modelling of health systems need to align their calculations with the GHG 
protocol while taking into account health care specific elements like inhalers and anaesthetic gases. There should be 
a collaboration on refining the methodology for health system carbon footprint modelling as access to information, 
especially along the supply chain, improves. There needs to be education and awareness of the impact of health 
systems on the environment and health care should no longer be able to neglect its responsibility to the environment 
while hiding behind its service to patients.

6 | CONCLUSION

Health care is a carbon intensive sector. It has evaded responsibility towards the environment until recently, due to 
the nature of the services it provides. Although countries are beginning to focus on the contribution of health care to 
national emissions, there are still very few countries that have performed a carbon footprint analysis of their health 
system. Those researchers that have performed carbon footprint modelling have often done so using a top-down 
approach, due to data limitations, reducing its accuracy. The advantage of having an overall understanding of a health 
care carbon footprint is that sustainable actions can be targeted to carbon intensive areas. However, there are several 
challenges to calculating such a carbon footprint, namely, data availability and methodology limitations. Countries, 
especially developing, need to invest in improved data collection of their health systems and awareness and action to 
reduce the environmental impact of health care needs to become a priority.
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