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ABSTRACT

Background: Healthcare systems have to prepare for climate change’s health impact, while reducing healthcare’s contribution to
global warming. Most evaluations of healthcare’s greenhouse gas emissions involve national level methodologies.
Objective: As sustainability metrics become a key factor in hospital management, the paper describes a method for quantifying
emissions at a large tertiary care hospital in Singapore.
Methods: Hospital operational and financial data was used to determine the greenhouse gas effect of the hospital. Emission
factors from government and academic sources were used for on-site and purchased energy emissions. Spend based emission
factors from the environmentally-extended multiregional input-output (EE-MRIO) Eora database were used for other indirect
emissions. This provided the total carbon footprint across the various scopes.
Results: The hospital had an annual carbon footprint of 245,962 tonnes of carbon dioxide equivalents (CO2e). Scope 1 emissions
accounted for 4,223 tonnes of CO2e, scope 2 for 38,380 tonnes of CO2e and scope 3 for 165,190 tonnes of CO2e. Operating
carbon totalled 207,793 tonnes of CO2e, and 38,169 tonnes of scope 3 CO2e was attributed to capital expenditure projects.
Medical equipment, pharmaceutical supplies and electricity were the largest contributors to the hospital’s carbon footprint.
Conclusions: Identifying key areas contributing to emissions can enable targeted approaches in reducing a hospital’s carbon
footprint, better preparing the hospital as the carbon economy evolves to include the healthcare sector.
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1. INTRODUCTION

The impact of climate change on global healthcare has been
growing, with more extreme weather events occurring across
the world.[1] Healthcare systems must prepare for impact of
global warming and climate change on health of populations
and the resilience of healthcare systems. Healthcare sys-
tems themselves are significant contributors of greenhouse

gases, with estimates of up to 4.4% of global carbon foot-
print.[2] Hence, healthcare systems must also decarbonize
their provision of healthcare to reduce their impact on global
warming.

Healthcare systems emit greenhouse gases in their operations
and procurement of goods and services, in all three scopes
as defined by the Greenhouse Gas Protocol. Understanding
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a system’s carbon footprint is a key metric and enabler for
reducing its carbon footprint. However, healthcare’s carbon
footprint has mostly been quantified at national level,[3–5] or
studied in specific healthcare products[6–9] but not measured
for individual hospitals. A hospital’s understanding of its
own footprint is a key enabler to prioritize, implement and
monitor its decarbonisation efforts.[10] This is currently dif-
ficult due to the significant scope 3 emissions in healthcare
which cannot be quantified easily at the hospitals.

Singapore aims to achieve net zero by 2050,[11] and its Sin-
gapore Green Plan 2030 and GreenGov.SG plan provide the
roadmap to guide government and public sector organiza-
tions, including public healthcare institutions. The National
University Hospital (NUH) is a tertiary hospital and aca-
demic medical centre, serving a population of 1,400,000 in
the Western part of Singapore. Quantification of the hospi-
tal’s baseline carbon footprint was essential to understand
and plan the magnitude of change required in its operations
to achieve the national targets. This hospital’s methodology
can be adapted by other hospitals, using the energy, mate-
rials and financial data that most would already possess, to
estimate their carbon footprints.

It is important to prepare the hospital system for a carbon
economy, with increasing carbon tax, ESG reporting and
other policies, that would impact both the operations and the
financials of a hospital. While it is inevitable that carbon
would be incurred in the provision of healthcare, yet it is im-
portant to ensure that the best value is achieved for the carbon
incurred, ensuring reduced carbon impact without compro-
mising clinical quality. Hence, being able to measure the
carbon footprint of the hospital is key for hospital administra-
tion, to identify key focus areas and ascertain the resources
required to move towards sustainability in the hospital.[12, 13]

2. METHODS

NUH is part of the National University Health System
(NUHS), providing a full range of tertiary, secondary and
emergency healthcare services. NUH has 1,250 inpatient
beds, 35 operating theatres, and has approximately 900,000
outpatient clinic attendances and 100,000 emergency depart-
ment attendances per year.

Data from 2019 was used to quantify NUH’s carbon foot-
print, as this was the most recent year that was representative
of normal operations and workload, and which would then
serve as the baseline against which to compare future years.
In 2020 and 2021, there were major changes in the type of
work and workload, with large reductions of outpatient clinic
and elective surgery work as the hospital concentrated on
caring for COVID-19 patients.

The Greenhouse Gas Protocol (GHG-P) Corporate Standard
was used to identify the types of emissions that were material
and controllable in a hospital setting. The GHG-P classified
emissions into three scopes: scope 1 comprises emissions
on site in hospital, scope 2 are indirect emissions from the
generation of purchased energy and scope 3 are all indirect
emissions that occur in the hospital’s supply chain.[14]

The carbon footprint analysis used a combination of quan-
tity based data and spend based data. Data on quantities
utilised were used for energy, water and supplies for which
quantity-based emission factors were available. Data for
expenditure on other goods and services were used with
spend-based emission factors. These spend-based emission
factors were referenced from the environmentally-extended
multiregional input-output (EE-MRIO) Eora database.[15, 16]

The contributions to the hospital’s carbon footprint of dif-
ferent greenhouse gases were quantified in terms of carbon
dioxide equivalents (CO2e).

2.1 Scope 1
Volatile anaesthetic drugs such as desflurane and sevoflu-
rane, and nitrous oxide gas have significant greenhouse gas
effects and carbon footprint. These anaesthesia drugs are
exhaled from patients’ lungs after clinical use, and are cur-
rently not captured but emitted to the atmosphere where their
greenhouse gas effect persists for long durations before these
drugs are totally decomposed. The global warming potential
factors over 100 years (GWP100) were used to calculate
the carbon footprint of these drugs used in a year.[17] Other
scope 1 emissions include the carbon dioxide gas used in
laparoscopic surgery and from the combustion of natural gas
in the hospital’s kitchen and for heating water.

2.2 Scope 2
NUH scope 2 emissions were calculated through multiplying
the electrical energy purchased in 2019, with the grid emis-
sion factor for electricity generation in Singapore. Most of
the electricity in Singapore is generated from the combustion
of natural gas. There is limited supply of renewable energy.

2.3 Scope 3
Scope 3 emissions, or indirect emissions from goods and ser-
vices used, form the largest of 3 scopes in healthcare systems’
emissions.

The carbon footprint for goods and services procured were
calculated using spend–based emission factors. The spend-
based method used NUH expenditure information and the
environmentally extended–multi region input output (EE-
MRIO) emission factors from the Eora global supply chain
database (Eora). Multi region input output databases track
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global trade flows and transaction quantities between coun-
tries’ major economic sectors.

The Eora EE-MRIO database traced the global supply chains
of 190 countries. Through relating economic data with coun-
tries’ carbon emissions data, the EE-MRIO provides carbon
emissions data from the production and upstream supply
chain activities of different sectors, goods and services in a
country’s economy. The Eora EE-MRIO database provided
up-to-date Singapore-specific emission factors per unit of
local currency (Singapore dollar) expenditure on goods and
services. These emission factors include all embodied carbon
from upstream emissions, required or utilized to produce a
Singapore unit of currency’s worth of the goods and services
procured. By multiplying hospital expenditure for categories
of goods or services with the relevant EE-MRIO emission
factors, the carbon footprint for the hospital’s supply chain
could be estimated.

Through the use of pro-rating concordance matrices and inter-
polation, pro-rating a single data point of sectors in a country,
Eora had developed a sector-wise emission inventory, using
Gross Domestic Product as a proxy. Additionally, Eora had
been validated against other footprint studies.[18, 19] Eora
annually updates and reviews the MRIO data, reducing the
resulting time-lag from data collection, thus improving the
accuracy of the reported figures.

The carbon footprint from waste management was calculated
for the different types of waste produced in NUH, and their
respective emissions factors for waste management. The
types of waste included chemical, biohazard, food and mu-
nicipal general waste. Recycled waste was not included in
the carbon footprint. The carbon emissions from the various
waste types were derived through the multiplication of waste
weight with the respective emission factors. In Singapore,
all incineration plants are “waste-to-energy” plants, where
heat from the incineration is harnessed to generate electricity.
The resultant energy conservation ratio of 20%, was factored
in calculating the carbon footprint for the incineration of
municipal general waste.[20, 21]

Carbon footprint resulting from business air travel was calcu-
lated by the number of flights taken in FY19 by the hospital
staff. The flights were classified into three main categories,
short haul (Asia & Australia), long haul (Europe, Africa and
New Zealand) and super long haul (Americas), with a return
flight time of 13, 26 and 40 hours respectively. A carbon
emission factor of 250 kg CO2e per flight hour per passen-
ger was used.[22] Due to the larger sizing of business class
seats, these journeys incurred three times more carbon than
an economy class seat.[23]

In financial planning and budgeting, the hospital’s expen-
diture is classified into operating expenditure and capital
expenditure. Capital expenditure was for procuring items
with large financial and “book” value, which were intended to
be used over several years. Examples were the purchase of a
MRI scanner, the renovation of a ward, the setting up of a new
clinic. Separation of operational and capital expenditures
enable correlation of the hospital’s operating carbon foot-
print with its annual workload, separate from the embodied
carbon in major purchases. While capital expenditure items
are intended to be used over durations of several years, the
emissions embodied in producing the items are all accounted
for in the year of purchase. The emissions are not spread
over the years of useful life duration, differing from finan-
cial accounting where depreciation is applied. This method
of accounting for carbon footprint of capital expenditure is
aligned with the guidance from GHG Protocol Corporate
Standard.[14]

3. RESULTS

The estimated carbon footprint of the hospital is detailed in
Table 1. Scope 1 and scope 2 emissions accounted for 1.72%
and 15.60% of the hospital’s total emissions and carbon foot-
print respectively. Scope 3 emissions (indirect emissions
from procured goods and services) formed 82.68% of the
hospital’s total carbon footprint. Operating emissions formed
84.48% of the hospital’s total annual emissions in FY19, with
15.52% attributed to capital expenditure. The majority of
scope 1 emissions were from the use of anaesthesia drugs,
detailed in Table 2.

Among the anaesthetic drugs, desflurane and nitrous oxide
had the highest carbon footprints, and accounted for most
of the hospital’s scope 1 emissions. While sevoflurane and
desflurane usage were similar in kilogram terms, desflurane’s
GWP100 and impact are much higher due to desflurane’s
persistence in the atmosphere.

Similar to reports of reports of other countries’ healthcare
systems, scope 3 emissions formed the largest portion of the
hospital’s carbon footprint. Pharmaceuticals and medical
supplies accounted for 16.43% and 18.02% respectively of
total emissions.

Waste in total accounted for 2.72% of the hospital’s carbon
footprint. Municipal General Waste (Emissions Factor [EF]
1.1) accounted for the largest portion of annual waste gener-
ated at 4,428 tonnes, with Food Waste (EF 2.5), Chemical
Waste (EF 2.09) and Biohazard Waste (EF 1.82) at 372, 120,
312 tonnes respectively.[24–26]
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Table 1. NUH carbon footprint by category
 

 

Category Scope 
GHG Emissions 

(CO2e tonnes) 
Percentage 

Anaesthetic and Medical Gases 1 4,126 1.68% 

Town Gas 1 97 0.04% 

Electricity 2 38,380 15.60% 

Water 3 391 0.16% 

Waste 3 6,686 2.72% 

Metered Dose Inhalers 3 786 0.32% 

Pharmaceuticals 3 40,411 16.43% 

Lab Supplies 3 7,454 3.03% 

Medical Supplies 3 44,322 18.02% 

Non-Medical Supplies 3 1,801 0.73% 

Purchased and Contracted Services (e.g., Security, Referral Services) 3 8,293 3.37% 

IT Expenses 3 14,188 5.77% 

Other Expenses (e.g., Telecommunications, Postage and Courier) 3 4,030 1.64% 

Research and Development Expenses 3 12,092 4.92% 

Catering 3 2,442 0.99% 

Facility Management 3 10,386 4.22% 

Repairs and Maintenance 3 9,221 3.75% 

Air Travel 3 2,685 1.09% 

Total Operating Carbon 207,793 84.48% 

Medical Capital Expenditure (e.g., Medical Equipment, Ward beds, MRI scanners) 3 13,093 5.32% 

Non-Medical Capital Expenditure (e.g., Infrastructure) 3 25,076 10.20% 

Total Capex Carbon 38,169 15.52% 

Total Carbon Footprint 245,962 100.00% 

Note. Grid emission factor for electricity generation in Singapore, 0.41 kg CO2e per kWh, data from the Energy Market Authority of Singapore[27]. Carbon emission from 

capital expenditure accounted for 15.52% of the hospital’s total carbon footprint. As capital expenditure varies according to the hospital’s budget allocation and directions for 

new purchases annually, this figure is reported separately. 

 

Table 2. NUH anaesthetic and medical gas carbon footprint
 

 

Anaesthetic and Medical Gases Usage in 2019 (kg) GWP100 Factor CO2e (tonnes) 

Desflurane 534 2,540 1,356 

Sevoflurane 512 130 67 

Nitrous Oxide 9,328 289 2,696 

Carbon Dioxide 6,896 1 7 

Note. GWP100 - Global warming potential over 100 years 

4. DISCUSSION

The described methodology enables quantification of the hos-
pital’s comprehensive carbon footprint. This enables prioriti-
zation, implementation and monitoring of decarbonisation
efforts, as the hospital strives to mitigate its contribution to
global warming and climate change. Existing data is avail-
able for national healthcare systems, or in specific hospital
settings, but a methodology for individual hospitals has to
our knowledge not been described previously.[3–5, 10, 28]

NUH does not own a fleet of vehicles and does not burn nat-
ural gas on-site for heating. Hence its scope 1 emissions are
largely due to anaesthetic gases. As anaesthetic drugs differ
hugely in their carbon footprint, choosing drugs and tech-
niques with lower footprint, can greatly reduce the scope 1
emissions of a hospital. Lower carbon choices include using

regional anaesthesia and intravenous anaesthesia techniques
instead of using inhalational anaesthetic techniques.

If inhalational anaesthetic drugs are needed, choosing
sevoflurane and avoiding desflurane can reduce greenhouse
gas impact by a factor of over 50. This is because desflurane
not only has a higher GWP100 but is also three times less po-
tent than sevoflurane, hence needing much higher quantities
to deliver an equivalent depth of anaesthesia.

The use of nitrous oxide for labour analgesia can be avoided
with epidural analgesia and other techniques, but there are at
present limited alternatives for nitrous oxide’s fast and short
acting effect and ease of administration.

In Singapore, electricity is almost entirely generated from
burning natural gases. There is limited space for generation
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of solar power in land scarce Singapore. Hence efforts to
reduce a hospital’s scope 2 emissions need to focus on us-
ing energy efficient systems, reducing electricity waste, and
optimizing the use of energy in infrastructure and air condi-
tioning. At the point of writing, NUH is reviewing legacy
settings in buildings systems, and implementing “setback”
settings in operating rooms when not in use.[29, 30]

Scope 3 emissions from the hospital’s supply chain and pro-
cured services are far larger than scope 1 and 2 emissions.
Healthcare systems need their suppliers to work on reduc-
ing the embodied carbon and energy used in producing the
goods and services procured. Transparency of the carbon in
medical products is currently very limited, but future hos-
pital procurement can include environmentally sustainable
metrics and requirements.

As scope 3 emissions were derived from both purchased
goods and services, the appropriate spend data and the rel-
evant Eora emission factors had to be used to effectively
extract accurate information of carbon emissions. Using the
example of IT spend, we have first segregated the IT ser-
vices provided (purchased services) and the IT software and
hardware spend (purchased goods). The relevant emission
factors were then applied to the purchased services and the
purchased goods to calculated the carbon footprint.[31]

It is also very important for clinical staff to reduce waste
and lower value treatments, to reduce the carbon footprint
of healthcare. At this time, while it is impossible to deliver
health without incurring emissions, hospitals can strive for
maximal value from the emissions incurred. This is similar
to striving for value for money in value based healthcare,
without affecting clinical quality and patient safety.

Expenses that were excluded in the scope 3 emissions were
the hospital’s own manpower costs, depreciation and amorti-
zation, as well as any finance or tax related expenses. Em-
ployee commuting emissions were not included in our scope
3 as there was no verifiable data for FY19.

A limitation of quantification of the hospital’s scope 3 emis-
sions using spend based data, and emission factors from the
Eora database, is the dependence on the accuracy and gran-

ularity of the databases. As the Eora emission factors are
averages representative of the broader market, the emissions
involved in individual suppliers’ products may be quite dif-
ferent and varied. Additionally, the granularity of the Eora
emission factors categorises several products into a similar
category, which could affect the accuracy of the factors used.
However, in extensive consultations with many vendors at
this time, most have indicated that they are unable to provide
the carbon footprint of specific products or services supplied
to NUH. Hence using EE-MRIO databases would be the
most practicable method at this time, until the point where
product specific data or activity based data could be used.

Quantification of the hospital’s emissions and carbon foot-
print will enable the hospital to target its decarbonisation
work. This would also guide the hospital to work within
a carbon ‘budget’ as countries and organizations are com-
pelled to work within carbon limits. Such quantification is
also needed to guide costing of carbon footprint, and finan-
cial preparation for carbon taxes and carbon markets.

5. CONCLUSIONS
In summary, the reported methodology for carbon accounting
at hospital level can be adapted by other healthcare organiza-
tions, and can be tailored with appropriate emission factors
databases. This methodology enables benchmarking across
hospitals, and relating carbon incurred to care delivered, to
achieve value in healthcare, in financial and carbon terms.
This allows a hospital to be prepared for the changing carbon
economy, both in environmental and financial sustainability.
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