Carbon Footprint from Anaesthetic gas use

 5% of the carbon footprint for acute organisations is from anaesthetic gases
 For acute organisations, this is equivalent to around half the emissions from
gas used to heat buildings and water
 Desflurane and nitrous oxide causes the most global warming and sevoflurane
the least
 Measuring, monitoring and reporting carbon dioxide equivalent emissions is
crucial for 2013
reducing emissions.
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Introduction to anaesthetic gases
A number of anaesthetic gases have been identified1 as potent greenhouse gases (GHG). Emissions
of gases from NHS organisations are direct emissions and should be reported in scope 12.
The scale of these emissions for the health system in England is estimated for the first time. Nitrous
Oxide (N2O) and a number of anaesthetic gases are compared here using the carbon dioxide
equivalent emissions as used in the GHG Inventory3.

Nitrous Oxide
Nitrous Oxide is reported as part of the UK GHG Inventory4, however use as an anaesthetic is listed
as “the data are not available and emissions are believed to be small” and therefore not reported
and small relative to UK emissions. For the health system these emissions are much more significant.
As these emissions have not previously been identified they have not previously been specifically
included in the NHS carbon footprint.
Two methods have been used to estimate emissions: average emissions per bed day; and estimates
using supplier’s figures.
The EU Greenhouse gas inventory collates both emissions and methods from across Europe. Belgium
provides a calculation of Nitrous Oxide emissions using average emissions per bed year. Here is a
calculation on this basis for NHS funded care in England:
Nitrous Oxide
Emissions per hospital bed
Hospital beddays
Hospital beds (80% utilisation over 365
days)
Emissions N2O

Number Unit
kg
10.3
N2O/bed/year
46,525,725 beddays
159,335 beds
1,641,147 kg N2O

Nitrous oxide conversion factor
Carbon dioxide equivalent emissions
Carbon dioxide equivalent emissions
(tonnes)

310 kgCO2e/kg
508,755,616 kgCO2e
0.51 MtCO2e

Source
EU GHG Inventory
20125
HSCIC6
Calculation
Calculation
Defra conversion
factors7
Calculation
Calculation

A number of suppliers provide nitrous oxide and gas and air (nitrous oxide and oxygen mix).
Comparing the result from bed days with figures provided by two suppliers suggests estimates of
Nitrous Oxide use in England may be an over estimate by up to 30%. As the total coverage of sales is
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not known the figure is likely to be between the bed estimate and suppliers figures. Averaging these
two results means a reasonable estimate of carbon emissions from Nitrous Oxide use in NHS in
England is 0.47 MtCO2e.
Given this estimate, Nitrous Oxide use by the health system represents 1.3% of UK emissions of
nitrous oxide8 (34.8 MtCO2e).

Anaesthetic gases
The Life Cycle Assessment (LCA) emissions of different anaesthetic gases are the subject of a number
of research papers. Sulbaek-Anderson et al9 includes the following gases: Desflurane, Isoflurane,
Sevoflurane, Halothane and Enflurane. Halothane and Enflurane are obsolete and shown here for
reference only.
Gas
Formula

GWP (100 year)
Volume weight
conversion
Carbon dioxide
equivalent
conversion factor
Carbon dioxide
equivalent
emissions (tonnes)

Desflurane

Isoflurane

Sevoflurane

Halothane Enflurane

CF3CHFOCHF2

CF3CHClOC
HF2

(CF3)2CHOCH2F

CF3CHClBr

CHFClCF2O
CF2H

2540
1.465

510
1.496

130
1.522

50
1.868

680
1.52

3.72

0.76

0.20

0.09

0.06

0.01

0.01

-

Unit

kgCO2e/kg
kg/l =
g/cm3 =
Sp.Gr(77°F)
1.03 tCO2e/litre

-

MtCO2e

These three anaesthetic gases contribute around 0.08 MtCO2e to the carbon footprint.
The relative carbon intensity (per kg of gas) is shown on the left below with Desflurane having the
greatest effect on our atmosphere and Sevoflurane the least. On the right below are the estimated
total emissions for the NHS in England showing that Nitrous Oxide emissions are over 5 times the
emissions of any of the other gases.
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Discussion
Anaesthesia using desflurane and nitrous oxide causes the most global warming and sevoflurane the
least10.
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Nitrous oxide use in operating rooms is declining due to health impacts on patients11. Nitrous oxide
mixed with oxygen is being used as a safe analgesic e.g. in children12 and during labour13. The decline
in use in operating rooms is being offset with the use in other settings from a number of suppliers14
e.g. Entanox15 and Equanox16.
Intravenous anaesthesia is an alternative for some patients and has a lower lifecycle carbon
footprint17.
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Conclusion
These results give total emissions for anaesthetic gases including Nitrous Oxide of an additional
2.5% (0.56 MtCO2e) of NHS carbon footprint for England.
The majority of anaesthesia is in an acute setting. This is 5% of organisation footprint of acute
organisations18 (0.56 MtCO2e of 10.4 MtCO2e). For acute organisations this is comparable with half
the emissions from gas used for building energy use19 (1.17 MtCO2e) and would add around 15% to
25% on the building energy use carbon footprint (2.47 MtCO2e).
Measuring, monitoring and reporting carbon dioxide equivalent emissions, from inhaled
anaesthetics, is crucial for reducing emissions.
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