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Environmental footprinting in health care: 
a primer

Health care systems are responsible for 4–5% 
of global greenhouse gas (GHG) emissions.1,2 
There is increasing pressure to reduce the 

environmental effects of health care as more health 
professionals recognise its contribution to climate 
change.3,4 However, measuring environmental effects 
and assessing progress towards decarbonisation 
are not trivial processes because the mechanisms 
driving environmental burdens are often hidden. 
Although much of the early focus in health has been 
on decarbonisation of building and transport assets, 
most of health care’s GHG emissions occur within the 
supply chains that provision the health care system 
before the final delivery of services.5

This article is intended to serve as a beginner’s 
introduction to the environmental footprinting 
techniques that can be applied to uncover health 
care’s environmental impacts, including impacts 
occurring along supply chains. This article focuses 
on GHG emissions, but many other pollutants and 
environmental stressors can be assessed using these 
methods.

Impacts near and far

Environmental impacts can be separated into “direct” 
and “indirect” impacts. Direct impacts occur within 
an organisation’s physical boundary, for example 
hospital grounds. Indirect impacts occur outside 
this immediate boundary, for example impacts from 
purchased products. Direct impacts are relatively 
easy to estimate using fossil fuel consumption and 
utility bills. In contrast, estimating indirect emissions 
is more challenging for health care organisations 
and requires detailed data on the quantity or cost of 
procured products and services and the application 
of environmental footprinting techniques. An 
organisation’s indirect emissions form part of their 
suppliers’ direct emissions and likely occur in other 
regions and jurisdictions, rendering them more 
abstract and intangible.

Introduction to supply chains

Quantifying indirect environmental impacts requires 
consideration of the supply chains delivering goods 
and services to final consumption. Supply chains 
link production layers together, where at each stage 
numerous inputs and components are combined to 
make intermediate products. This can be depicted 
as a tree branching upwards and outwards from the 
consumer, with each node representing a production 
stage (Box 1). Here, “upstream” refers to layers 
occurring before the product reaches a consumer, and 
“downstream” refers to layers after final consumption, 
including disposal of the product.

Environmental effects can occur at each layer and 
accumulate along the supply chain as more layers are 

included.6 Eventually, supply chains reach consumers 
as final products. Accounting for all upstream 
environmental impacts associated with a product 
or service is onerous because of the large number of 
production layers and the many inputs into each layer. 
An illustrative example of supply chain is “fossil fuel 
combustion > petrochemical refining > plastic sample 
jars > pathology services”, which is just one of the many 
supply chains contributing to “pathology services”.7

The “system boundary” is a conceptual limit within 
which environmental effects are captured by an 
assessment method.8 The boundary is considered 
“incomplete” when all important activities are not 
within the boundary, resulting in some fraction of 
environmental effects being uncounted.9 An awareness 
of the defined system boundary is important when 
calculating the full environmental footprint of a 
product or process and when making comparisons. 
The extent to which unaccounted impacts are 
significant depends on the process and activity and 
may include, for example, impacts arising from capital 
works, infrastructure and the services sector. Box 2 
depicts the system boundary in relation to final 
consumption and intermediate production stages.

Scope- based emissions accounting

The distinction between direct and indirect impacts 
can be further refined into scopes,10 which can be 
useful for conceptualising where emissions are 
occurring:

• Scope 1: direct emissions resulting from an 
organisation’s activities within their physical 
boundary. Includes emissions of anaesthetic gases 
and emissions from burning natural gas for heat 
and steam.

• Scope 2: indirect emissions associated with the 
purchase of energy, for example emissions from 
electricity generation.

• Scope 3: all upstream emissions associated with 
the extraction, manufacturing and transport of 
goods and services. Examples include consumable 
products such as plastic implements, personal 
protective equipment and pharmaceuticals. 
Downstream emissions from waste disposal and 
treatment are also included.

Although in common use, these scopes are a 
simplification and do not always neatly align with 
organisation structure or function. For example, 
emissions from ambulatory patient transport may 
be attributed to a health system’s scope 1 emissions; 
however, patient self- transport emissions remain 
uncounted. In addition, the scope framework does not 
consider shared responsibility of emissions between 
upstream and downstream actors in the supply chain. 
These difficulties reflect wider societal complexities in 
attributing responsibility for emissions reductions.11
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Environmental footprinting techniques

Two main environmental footprinting methods can 
be distinguished: life cycle assessment (LCA) and 
environmentally extended input–output analysis 
(EE- IOA).

Life cycle assessment

Process- based LCA is a technique for assessing 
environmental impacts of specific products or 
processes. LCA maps each life cycle stage of a 
product or activity, such as raw materials extraction, 
manufacturing, product use, and waste treatment 
and disposal, and accounts for the environmental 
impacts occurring at each stage.12 There are two main 
types of LCA: attributional (ALCA) and consequential 
(CLCA) life cycle assessment.13,14 ALCA accounts for 
environmental burdens associated with a product’s 
life cycle, including production, use and disposal. 
CLCA describes how these flows change in response 
to decisions or changes, for example material design 
changes. An LCA analyst selects the processes and 
inputs to include in a particular assessment, which 
requires judgement and may result in truncated 
accounting of environmental impacts.6,8 Many health 
care LCAs have been done, for example, assessing 

the impacts of surgical and anaesthetic care,15 
magnetic resonance imaging machines,16 and health 
care building construction.17 Repositories such as 
HealthcareLCA18 and other literature reviews provide 
useful compilations of LCA studies relevant to health 
care.19

Environmentally extended input–output analysis

Input–output analysis (IOA) is a well established 
method for tracing environmental impacts along 
supply chains.20,21 An environmental footprint 
calculated using IOA represents a retrospective 
allocation of impacts among products and services 
delivered to final consumption. This technique 
allocates all economy- wide production impacts to 
final products, leaving no impacts unallocated. 
The technique also avoids double counting, as all 
production environmental effects are attributed 
only once to final products. EE- IOA methods have 
been used to perform global assessments of health 
care1,2 as well as national level assessments.5,22 
The sector detail of IO models is constrained by 
the underlying national accounting data, which 
limits IOA from analysing very specific activities 
or sectors. For example, IO models may distinguish 
hospitals from other health care services; however, 
specific activities such as oncology are likely 
beyond the model resolution. Similarly, issues of 
price can also distort the footprint calculation, for 
example in the case of low cost versus high cost 
pharmaceuticals.

Hybrid approaches

Hybrid approaches can be employed to overcome 
the limitations inherent in both LCA and IOA 
methods. LCA and EE- IOA methods can be seen 
as complementary:23 LCA performs a bottom- up 
attribution of environmental effects to specific 
processes, and EE- IOA performs a top- down allocation 
of economy- wide environmental effects to final 
products. Hybrid approaches augment IOA- based 
footprinting methods with process- specific LCA 
data, which has the effect of mitigating the sectoral 
specificity issues of IOA. In addition, the use of IOA 
guarantees system boundary completeness.24 Hybrid 
methods were used to do carbon footprinting of 
England’s National Health Service (NHS).25

Assessment quality and method selection

Which assessment technique should be used depends 
on the health care context and research question. In 
general, questions involving diagnostic methods and 
treatments are best answered using LCA techniques, 
whereas assessing overall progress at the health 
system level is more suited to EE- IOA. International 
Organization for Standardization (ISO) 14040:2006 
and 14044:2006 provide guidelines to practitioners 
doing life cycle assessments. The European Union is 
introducing new regulations to combat greenwashing26 
and has its own guidelines on how LCAs should be 
done.27 IOA and its extensions are also governed by 
global standards.28 Adherence to these standards and 
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guidelines can provide an indication of the quality 
and trustworthiness of sustainability assessments and 
enables comparison between studies.

Improving the use of environmental footprinting 
in health care

Environmental impacts will increasingly need to 
be assessed and considered as part of health sector 
decision making at every level. However, systems for 
environmental data collection, storage and analysis 
are often limited in many health systems and usually 
not standardised or linked to clinical and population 
outcomes.29 Information about product environmental 
performance is rarely provided by manufacturers, and 
the underlying data are often inaccessible.30

Health care professionals have an important role 
in normalising consideration of the environmental 
impact of health care and advocating for availability 
of evidence and the supporting infrastructure 
to evaluate and reduce that impact. We are not 
suggesting that environmental footprinting is the 
primary role of health care workers, nor are we 
suggesting that considerations of environmental 
impact should take precedence over clinical outcomes. 
Rather, environmental sustainability should be 
considered as a dimension of quality, safety and good 
governance alongside patient and population health 
outcomes.

Key areas for action to improve the use of 
environmental footprinting techniques in evidence- 
based clinical decision making and measures of health 
system performance include:

• Improving health care environmental 
footprinting literacy. Undergraduate and 
postgraduate education should include information 
on environmental footprinting techniques. Health 
professionals should consider learning how the 
different techniques have been applied in their 
health system, organisation or specialty, and 
question the environmental impacts of the products 
and processes used.

• Incorporating environmental footprinting into 
existing frameworks for quality improvement, 
procurement and health system performance. 
This will make environmental costs more visible 
and facilitate more holistic decision making. 
Health professionals should call for regulators, 
procurement agencies and commissioners to 
include environmental footprinting in their 
assessment frameworks and contracts.25

• Investing in human and technological 
infrastructure to allow robust accounting 
and analysis. Collecting and storing detailed 
environmental and economic operations data are 
required for both LCA and EE- IO studies, and 
for reporting of health system GHG emissions. 
A specialist workforce with sufficient capability 
and capacity to meet demand is needed.

• Increasing transparency and standardisation 
of methods of data collection, analysis and 
reporting. Transparent and standardised data 

collection and methods allow benchmarking and 
comparisons to be drawn to drive and monitor 
progress.25 Concerns of commercial non- disclosure 
may be addressed by using trusted third parties 
and data sharing agreements.

• Learning from others. In health care, the 
NHS in England has taken a leading role in 
using environmental footprinting to drive 
decarbonisation of its own services and its suppliers 
and several other countries are now following 
suit. For buildings, the National Australian Built 
Environment Rating System (NABERS) in Australia 
has been effective at using continuous monitoring 
and evaluation to drive improvements in energy 
efficiency.32
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