Methodology used to calculate carbon emissions in the PrescQIPP inhaler carbon footprint table
Introduction
The PrescQIPP inhaler carbon footprint table was first published in October 2021. Since publication a number of new inhalers have become available or been discontinued. Additionally, further information on the carbon footprint of inhalers has become available, e.g. propellant carbon footprint values. Consequently, PrescQIPP have updated the inhaler carbon footprint table. The methodology used to produce the updated inhaler carbon footprint values are outlined in this paper.
Background
Attempts to produce inhaler carbon footprint values have been reported in the literature. Different approaches have been taken to calculate the carbon footprint impact of inhalers; some have focused on the propellant impact only for pressurised metered dose inhalers (pMDIs) whilst others have looked at the carbon impact through the lifecycle of the inhaler from production to disposal. 
The propellant itself is responsible for the majority of the carbon impact of pMDIs and so is a good indicator, but a complete analysis of the lifecycle of the inhaler would provide more detailed information. Similarly for dry powder inhalers (DPIs) a product lifecycle analysis would be the preferred carbon footprint analysis.
A new European Commission regulation (EU) 2024/573 came into force on 11 March 2024 requiring that pMDIs containing fluorinated greenhouse gases (F-gas) need to be labelled as ‘contains fluorinated greenhouse gases’ with information on the weight in kilograms or grams and the CO2 equivalent expressed in tonnes using the GWP values for the propellant listed in Annex I of Regulation (EU) 2024/573, i.e. GWPs is 1430 for HFA-134a and 3220 for HFA-227ea based on the Sixth Assessment Report adopted by the Intergovernmental Panel on Climate Change. Although no such requirements exist in the UK currently, this information (amount of propellant per inhaler (g), Carbon footprint per inhaler attributed to propellant (tonnesCO2e) is now available in the patient information leaflets for the majority of pMDIs available in the UK. A PrescQIPP calculated value which converts the carbon footprint per inhaler attributed to the propellant to gCO2e has been included in attachment 1.  The propellant information for pMDIs is used in the inhaler carbon footprint data table, attachment 1 as opposed to information from the manufacturers survey.
Method
1. A list of all inhaler devices (and the name of the manufacturer) used in asthma, COPD and other respiratory conditions in the UK was produced using the BNF, MIMS, the eMC and NHS dm+d browser as references. 
2. The summary of product characteristics and patient information leaflets were reviewed for inhaler carbon emissions data and propellant information. 
3. An online questionnaire was developed using the original survey questions plus additional information requested, e.g. on shelf-life, new propellant developments, overages information. The online questionnaire was in a standard format with pre-defined questions and included questions relating to the carbon footprint product lifecycle. Additional non-clinical and clinical information was requested to support healthcare professionals when comparing inhaler options suitable for individual patients. 
4. Each manufacturer was contacted and asked to complete the online questionnaire regarding the carbon emissions information they have for their inhalers. As this is an update to existing inhaler carbon footprint data, if manufacturers did not have any updates on their data, then they were asked to confirm this.
5. Non-responders were followed up to clarify whether they held carbon emissions information on their inhalers.
6. Table 1 illustrates the pre-defined questions. 
	Table 1. Questions for the manufacturers survey 
	· Manufacturer
· Is this for an existing or a new inhaler?
· Inhaler brand name
· Do you need to make any changes to existing data for this inhaler (whether previously provided by you or added by PrescQIPP?)
· Indication
· Therapeutic group
· Device type
· Doses per inhaler excluding overages
· NHS cost per inhaler
· Age licensed from
· Age ranges for doses
· Dose counter?
· Shelf-life (opened)
· Shelf-life (unopened)
· Inhaler storage conditions
· Indicative carbon footprint /puff (g CO2e) Midpoint value
· Indicative carbon footprint /inhaler (g CO2e) Midpoint value
· Carbon footprint attributed to propellant only or product lifecycle
· Have overages been included in the total carbon footprint per inhaler values submitted?
· What is the carbon footprint attributed to overages?
· Do you consider your product to be 'carbon neutral' due to offsetting emissions?
· Please add a link to your carbon neutral certificate
· Do you have any additional comments to make on your product?
· Propellant (from SPC)
· Other (please specify)
· Other propellant
· Product AMPP SNOMED code
· Primary care rebate available (England)?
· Inhaler volume
· Please state how the carbon footprint per actuation (g CO2e) was calculated where this information is available
· Inhaler carbon footprint attributed to raw materials API and excipients manufacturing per inhaler (including the propellant) (g CO2e)
· Inhaler carbon footprint attributed to raw materials inhaler device components per inhaler (g CO2e)
· Inhaler carbon footprint attributed to raw materials for packaging per inhaler (g CO2e)
· Inhaler carbon footprint attributed to raw materials transportation per inhaler (g CO2e)
· Carbon footprint attributed to energy and water consumption per inhaler (g CO2e)
· Carbon footprint attributed to manufacturing waste per inhaler (g CO2e)
· Carbon footprint attributed to HF leaks and air emissions per inhaler (g CO2e)
· Carbon footprint attributed to distribution and transportation per inhaler (g CO2e)
· Carbon footprint attributed to user phase per inhaler (g CO2e)
· Carbon footprint attributed to end of life per inhaler (g CO2e)
· Carbon footprint attributed to other carbon emission data held per inhaler (g CO2e)
· If product is a pMDI, are you planning to move to a lower carbon/next generation propellant for this product in the future?
· When do you plan to introduce lower GWP propellants for this inhaler?
· Which propellant are you planning on moving this product to?
· Have you undertaken a life cycle analysis of this inhaler which includes the lower GWP/Next Generation Propellant (NGP)?
· Please state how the carbon footprint per inhaler will change
· Further information on the carbon footprint of this product
· AIR therapy license?
· AIR therapy dose
· Low dose ICS dose
· Moderate dose ICS dose
· High dose ICS dose
· Low dose ICS/LABA
· Moderate dose ICS/LABA
· High dose ICS/LABA
· Low dose MART dose
· Moderate dose MART dose
· Low-dose ICS MART cost based on maintenance dose plus one additional as needed inhalation dose per day for 28 days
· Moderate-dose ICS MART cost based on maintenance dose plus one additional as needed inhalation dose per day for 28 days
· Doses where an emergency steroid card should be issued
· Indicative carbon footprint /puff (g CO2e) Midpoint value
· Indicative carbon footprint /inhaler (g CO2e) Midpoint value
· Carbon footprint attributed to propellant only or product lifecycle
· Low (<35 g CO2e) or High (≥35 g CO2e) carbon footprint per puff






The previous methodology used for the inhaler carbon footprint data table for bulletin 295 Inhaler carbon footprint is available in Appendix 1.
Results and analysis
As of 9th September 2025, 20 out of 22 manufacturers (91%) completed the on-line survey, 2 responses are awaited. The information from the survey has been entered into attachment 1, the inhaler carbon footprint data table v2.37. 
Manufacturers provided a product lifecycle carbon footprint breakdown for 55 (35%) inhalers; 35 (23%) DPIs/SMIs and 20 (13%) pMDIs.  Not all submissions had data for each stage of the product lifecycle as some manufacturers had not produced the data in this format. No data available has been added to these cells.
The review of the pMDI patient information leaflets (PIL) found that information on the type, amount and carbon footprint of the propellant used in pMDIs was available for most pMDIs. Currently, 64 of the 71 (90%) pMDIs available in the UK now contain propellant carbon footprint values in the patient information leaflet. Propellant carbon footprint values are not currently available in the leaflets for the following inhalers:
· Avenor 25micrograms / 125micrograms pMDI
· Avenor 25micrograms / 250micrograms pMDI
· Avenor 25micrograms / 50micrograms pMDI
· Beclu 100 micrograms per actuation pMDI
· Beclu 200 micrograms  per actuation pMDI
· Inhalvent 20micrograms/dose pMDI
· Symbicort 100/3 micrograms pMDI
For pMDIs, there are some differences when comparing the manufacturers online survey values (full product life cycle analysis or propellant only information) and the propellant carbon footprint values in the patient information leaflet. The manufacturers values compared to the propellant carbon footprint values in the patient information leaflet were:
· Higher (32)
· Lower (31)
· Same (3)
· No propellant data was available in the leaflet (5)
The reasons for these differences are unknown. One possible explanation could be that different GWP values for propellants were used by manufacturers in the survey compared to the patient information leaflet. The propellant carbon footprint information from the PILs has been used for the inhaler carbon footprint for pMDIs rather than for example, where full product life cycle analysis was provided from manufacturers, for the following reasons:	Comment by Karen Homan: NHSE: We need to understand why there is a difference (where applicable) between the manufacturer’s return and what they have included in their PILS, as from the methodology paper it doesn't seem like a consistent difference. 
	Comment by Karen Homan: I have added this sentence in to hypothesise why this is.
· To allow for meaningful and robust comparisons between pMDIs.
· The majority of the carbon footprint of pMDIs is due to the propellant for pMDIs. The exception perhaps being for Trixeo aerosphere which contains a new lower global warming potential propellant. 
· Propellant carbon footprint information is publicly available in 90% of patient information leaflets. This figure may increase as patient information leaflets are updated in line with the requirement within the European Commission regulation (EU) 2024/573.
For the seven pMDIs where the current patient information leaflets do not contain propellant information and the manufacturer did not provide propellant carbon footprint values, the carbon footprint values were assigned and an explanation of how these were derived is given below:
· Avenor 25micrograms / 125micrograms pMDI, Avenor 25micrograms / 250micrograms pMDI, Avenor 25micrograms / 50micrograms pMDI - Seretide Evohaler is listed as the reference medicine in the MHRA Public Assessment Report for Avenor pMDIs and so the Seretide Evohaler propellant carbon footprint values have been used - 17,160 gCO2e per inhaler. 
· Beclu 100 micrograms per actuation pressurised inhalation solution - Clenil Modulite is listed as the refence medicine for Beclu in the MHRA Public Assessment Report and so the propellant carbon footprint values for Clenil Modulite 100 have been used – 17,346 gCO2e per inhaler.
· Beclu 200 micrograms per actuation pressurised inhalation solution - Clenil Modulite is listed as the refence medicine for Beclu in the MHRA Public Assessment Report and so the propellant carbon footprint values for Clenil Modulite 200 have been used – 17,089 gCO2e per inhaler.
· Inhalvent 20micrograms/dose inhaler - The brand originator is Atrovent 20micrograms/dose inhaler and so the propellant carbon footprint values for Atrovent have been used - 17,632 gCO2e per inhaler.
· Symbicort 100/3 micrograms pMDI - Symbicort 200/6microgrames pMDI has the same manufacturer, medicines, propellant and number of doses so the propellant carbon footprint values for Symbicort 200/6micrograms pMDI have been used - 34,132 gCO2e per inhaler.
Manufacturers provided carbon footprint data for 48 out of 79 (61%) DPIs available in the UK. Where manufacturers did not have carbon footprint data available the following were used:
· Brand originator values, 20 (25%) DPIs
· Average DPI value from the PrescQIPP inhaler carbon footprint data table used, 12 (15%) DPIs
Dry powder inhalers (DPIs) where brand originator carbon footprint values are used:
· Acopair 18 microgram, inhalation powder capsules with NeumoHaler (30 and 60 doses) – Used the same carbon footprint values as Spiriva 18 micrograms inhalation powder capsules plus device – 282 gCO2e per inhaler.
· AirFluSal Forspiro 50/500 micrograms - Used the same carbon footprint values as Seretide Accuhaler 50/500micrograms - 898 gCO2e per inhaler.
· Braltus 10 micrograms inhalation powder capsules with Zonda inhaler - Used Spiriva 18 micrograms inhalation powder capsules plus HandiHaler – 282 gCO2e per inhaler.
· Fixkoh Airmaster 50micrograms/100 micrograms dose inhalation powder, pre-dispensed - Used the same carbon footprint values as Seretide Accuhaler 50/100micrograms - 898 gCO2e per inhaler.
· Fixkoh Airmaster 50micrograms/250 micrograms dose inhalation powder, pre-dispensed - Used the same carbon footprint values as Seretide Accuhaler 50/250micrograms - 898 gCO2e per inhaler.
· Fixkoh Airmaster 50micrograms/500 micrograms dose inhalation powder, pre-dispensed - Used the same carbon footprint values as Seretide Accuhaler 50/500micrograms - 898 gCO2e per inhaler.
· Sereflo Ciphaler 50/250 micrograms - Used the same carbon footprint values as Seretide Accuhaler 50/250micrograms - 898 gCO2e per inhaler.
· Sereflo Ciphaler 50/500 micrograms - Used the same carbon footprint values as Seretide Accuhaler 50/500micrograms - 898 gCO2e per inhaler.
· Stalpex 50/500 micrograms DPI- Used the same carbon footprint values as Seretide Accuhaler 50/500micrograms as this is the brand originator - 898 gCO2e per inhaler.
· Tiogiva 18 micrograms inhalation powder capsules (30 and 60) and Trokide 18 mcg Inhalation powder capsules with Vertical-Haler – Used the same carbon footprint values as Spiriva 18 micrograms inhalation powder capsules and HandiHaler – 92 gCO2e per inhaler (capsules only) or 282 gCO2e per inhaler (device and capsules).
· Trokide 18 mcg Inhalation powder capsules and Trokide 18 mcg Inhalation powder capsules with Vertical-Haler - Used the same carbon footprint values as Spiriva 18 micrograms inhalation powder capsules and HandiHaler – 92 gCO2e per inhaler (capsules only) or 282 gCO2e per inhaler (device and capsules).
· WockAIR 160 micrograms/4.5 micrograms/dose dry powder inhaler and WockAIR 320 micrograms/9 micrograms/dose dry powder inhaler - Manufacturer responded that the carbon footprint will be similar to Airflusal Forspiro - 898 gCO2e per inhaler. Wockair 160 micrograms/4.5 micrograms consists of two 60 dose inhalers and so a carbon footprint value of 1,796 gCO2e per inhaler has been assigned. WockAIR 320 micrograms/9 micrograms/dose DPI contains 60 doses and so was assigned a carbon footprint value of 898 gCO2e per inhaler.

There are three DPIs which will be unavailable in the UK due to discontinuation towards the end of 2025, the carbon footprint values have been determined as follows: 
· Campona Airmaster inhalation powder, pre-dispensed -50 micrograms/100micrograms/dose, 50 micrograms/250micrograms/ dose, 50 micrograms/250micrograms/dose - Used Seretide Accuhaler 50/100 micrograms carbon footprint values as this is the brand originator – 898 gCO2e per inhaler.
The calculated mean carbon footprint for a DPI, where the carbon footprint information was provided by manufacturers was 667 gCO2e per inhaler. The reported values  from manufacturers ranged from 92 gCO2e for inhalation capsules to 1700 gCO2e per inhaler for DPIs. This is in line with values assumed for DPIs by Wilkinson and colleagues of 1  KgCO2e per DPI.1 There was no apparent correlation between the number of doses in the inhaler and the total inhaler carbon footprint. Therefore, the mean carbon footprint value of 667 gCO2e per inhaler was assigned for DPIs where no inhaler carbon footprint information was available from manufacturers and no brand originator was available. The following DPIs have this carbon footprint value per inhaler estimated :
· Asmanex Twisthaler 200 micrograms (30 dose)
· Asmanex Twisthaler 200 micrograms (60 dose)
· Asmanex Twisthaler 400 micrograms (30 dose)
· Asmanex Twisthaler 400 micrograms (60 dose)
· Budelin Novolizer 200 micrograms (cartridge)
· Budelin Novolizer 200 micrograms (cartridge and inhaler)
· Onbrez Breezhaler 150 micrograms inhalation powder, hard capsules
· Onbrez Breezhaler 300 micrograms inhalation powder, hard capsules
· Salbulin Novolizer 100 micrograms (cartridge)
· Salbulin Novolizer 100 micrograms (cartridge and inhaler)
· Seebri Breezhaler 44 micrograms inhalation powder, hard capsules
· Ultibro Breezhaler 85 micrograms /43 micrograms inhalation powder hard capsules
Non-asthma or COPD inhalers:
· Bronchitol 40 milligram inhalation powder
· Colobreathe 1,662,500 IU inhalation powder
· Osmohale 10mg inhalation powder, hard capsule
· Osmohale 20mg inhalation powder, hard capsule
· Osmohale 40mg inhalation powder, hard capsule
· Osmohale 5mg inhalation powder, hard capsule
· Relenza 5 milligram/dose inhalation powder
· TOBI podhaler 28mg inhalation powder capsules with device
For some inhalers there are a number of different inhaler suppliers in addition to the manufacturer (marketing authorisation holder) themselves. The transport of products would be different from suppliers and manufacturers and so the carbon footprint values attributed to transport might be different. Transport does not usually contribute a significant amount to the overall footprint of pharmaceuticals, with the exception of air freight.2 The carbon footprint of inhalers issued through suppliers was considered to be the same as the originator manufacturer in this analysis. 
The indicative carbon footprint per actuation (gCO2e) has been deleted in this update. Nettleton et al advises against using carbon footprint value per actuation to estimate DPI carbon footprints by multiplying by the number of actuations in an inhaler, as the relationship between DPI carbon footprint and number of actuations is not linear and has a very weak correlation. Similarly for pMDIs, overages would need to be taken into account to estimate per actuation carbon footprints.3 The majority of manufacturers did not provide data for overages in the survey. Because the carbon footprint per actuation figures have been removed, the analysis to describe high and low carbon footprint inhalers has been amended. High carbon footprint inhalers are now described as those with a carbon footprint per inhaler > 1796 gCO2e per inhaler (highest carbon footprint value attributed to a DPI/SMI was 1796 gCO2e) and low as a carbon footprint per inhaler of ≤1796 gCO2e. The DPI value is broadly in line with the 1 KgCO2e for a DPI/SMI reported by Wilkinson et al.1 The values are also in line with the Medical and Chemical Technical Options Committee 2022 Assessment Report of the United Nations Environment Programme which states that published life cycle assessments show that DPI carbon footprints range from 6 to 27g per dose or 359 to 917 gCO2e per device.4
Emerging themes from the life cycle carbon footprint submissions were that the raw materials (which includes propellants), energy and water consumption, user phase and end of life phases produced higher carbon footprint values compared to other stages of the product lifecycle. This is in line with the Medical and Chemical Technical Options Committee 2022 Assessment Report of the United Nations Environment Programme which states that the large majority (88–98%) of the carbon footprint of pMDIs is due to propellant release during use or end of life. For DPIs and SMIs the largest contributions to their carbon footprints are made by the active pharmaceutical ingredients (API) and the manufacturing stage.4

Inhaler carbon emissions data 
Attachment 1 provides the updated list of inhaler carbon footprint data for current UK available inhalers as produced in line with the methodology outlined in the section above. 
Nine new inhalers have become available since the first version of the inhaler carbon footprint data table published in 2021. Changes to the inhaler carbon footprint per inhaler range from a reduction per inhaler of 3083 gCO2e to an increase of 311 gCO2e. The average change was a reduction of 344 gCO2e per inhaler. These changes are largely due to the use of the propellant values in the inhaler carbon footprint data table obtained from the patient information leaflets for pMDIs. Attachment 1 provides information on how the values have changed compared to v2.1 (and also the most recent version 2.36). Also, cells which have changed have been highlighted in yellow. A quick reference tab is available which just lists the carbon footprint per inhaler against each of the inhalers. The PrescQIPP data tools will be updated with the changed inhaler carbon footprint values.
The inhaler carbon footprint data table will be updated through to 2028 when the next bulletin update is due and also when new inhalers become available or manufacturers provide updates.
Limitations
There is currently no standard method to calculate an inhalers carbon footprint. The methodologies used by manufacturers varied and it was not possible to judge the quality of their submissions. Some manufacturers provided propellant only information or partial or full life cycle analysis for their inhalers. The manufacturers did not state which GWP value they used for pMDI propellants. This could impact the inhaler carbon footprint value depending upon which GWP was used. Propellant only carbon footprint information for pMDIs has been used in the inhaler data table, which is more robust and comparable. However, some manufacturers provided certified product life cycle analysis and argue that these values should be used for the inhaler carbon footprint. In an ideal world a standardised, quality assured, full product life cycle analysis of an inhalers carbon footprint is preferred, but this is not currently the case. Similarly, full product life cycle analysis was only available for 23% of DPIs/SMIs. Reference product values or an average DPI value were used for the remainder. These differences in should be borne in mind when comparing inhaler carbon footprint data between different inhalers.  Nevertheless, there is a considerable difference in carbon footprint values between low and high carbon footprint inhalers and so the values should support moving from high to low carbon footprint inhalers where clinically suitable for individual patients.
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Appendix 1 Previous methodology used to calculate inhaler carbon footprint values for PrescQIPP bulletin 295 
A list of all inhaler devices (and the name of the manufacturer) used in asthma, COPD and other respiratory conditions in the UK was produced (attachment 1) using the BNF, MIMS, the SPC and NHS dm+d browser as references.1-4 The SPC for each of these inhaler devices was reviewed for inhaler carbon emissions data and propellant information.5 Each manufacturer was contacted and asked to complete an online questionnaire regarding the carbon emissions information they have for their inhalers. This was in a standard format with pre-defined questions and included the complete lifecycle of inhalers. Figure 1 illustrates the pre-defined questions. 
Figure 1. Questions for the manufacturers survey 
	
Brand name; Generic name; Strength (micrograms per actuation) 
Device type 
Number of actuations per inhaler 
Propellant used 
Inhaler volume 
Total carbon footprint per actuation (g CO2e) 
Total carbon footprint per inhaler (g CO2e) 
Please state how the carbon footprint per actuation (g CO2e) was calculated where this information is available 
Inhaler carbon footprint attributed to raw materials API and excipients manufacturing (including the propellant) (g CO2e) 
Inhaler carbon footprint attributed to raw materials inhaler device components (g CO2e) 
Inhaler carbon footprint attributed to raw materials for packaging (g CO2e) 
Inhaler carbon footprint attributed to raw materials transportation (g CO2e) 
Carbon footprint attributed to energy and water consumption (g CO2e) 
Carbon footprint attributed to manufacturing waste (g CO2e) 
Carbon footprint attributed to HF leaks and air emissions (g CO2e) 
Carbon footprint attributed to distribution and transportation (g CO2e) 
Carbon footprint attributed to user phase (g CO2e) 
Carbon footprint attributed to end of life (g CO2e) 
Carbon footprint attributed to other carbon emission data held (g CO2e) 
Do you have plans to change to HFA-152a propellant or alternative lower GWP value propellant? If so, when do you plan to introduce lower GWP propellants in your inhalers? 
Any further information on the carbon footprint of this product



Twelve out of 16 manufacturers (75%) completed the on-line survey and the information they provided has been entered in to attachment 1. For non-responders or where manufacturers had no data available, the carbon footprint values were estimated using the values and methodology reported by Wilkinson and colleagues.6 For those inhalers which were not included in the Wilkinson paper, the summary of product characteristics were used to identify the type of inhaler (pMDI, DPI or SMI), propellant and whether ethanol was used (i.e. small or large volume inhaler) and then a carbon footprint estimate was made.
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